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Low HDL with elevated 
LDL and triglycerides: 


A common denominator of 


many heart attack victims 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are common 
among heart attack victims,’ and nearly two thirds of people who developed 
myocardial infarction in the PROCAM Trial had a low (< 35 mg/dL) baseline 
level of HDL cholesterol? LOPID” (gemfibrozil) is not imdicated for the treatment 
of patients with low HDL cholesterol as their only lipid abnormality. 
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Unparalleled commitment to 
cardiac imaging. 


Since we shipped the first HP 
ultrasound imaging system in 
1981, we’ve offered over 17 
upgrades, including Doppler, 
color flow, TEE, 128-channel 
technology, and PV imaging. 


Only HP has consistently deliv- 
ered such upgradability in the 
past, and only HP makes it a 
certainty in the future. In the next 
twelve months, for instance, we'll 
deliver at least twelve new sys- 
tem capabilities to cardiologists, 
exactly the sort of commitment 
you’d expect from the leader in 
cardiac imaging. 


And with HP ACCOMPLISH 
Customer Support, you get maxi- 
mum system coverage, guaran- 
teed uptime, and ongoing 
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i 3 Expanded Clinical Evaluation of Lovastatin (EXCEL) 


Study Results Il. Assessment of the Human Lens After 
48 Weeks of Treatment with Lovastatin 

Alan M. Laties, Charles L. Shear, Erik A. Lippa, A. Lawrence 
Gould, Hugh R. Taylor, Dennis P. Hurley, Wendy P. 
Stephenson, Edwin U. Keates, Mary Ann Tupy-Visich, and 
Athanassios N. Chremos 


The crystalline lenses of hypercholesterolemic patients were 
assessed before and after 48 weeks of treatment with lovastatin 
or placebo to determine the effect of lovastatin on the human 
lens. No significant differences were found among the groups 
with regard to frequency of changes in lens findings or of spon- 
taneously reported adverse ophthalmologic experiences, and no 
evidence was found for an effect of lovastatin on the human 
lens after 48 weeks of treatment. 


te ESR ar ea RR eC bac SF 
Effect of Left Ventricular Aneurysm on Risk of Sudden 
and Nonsudden Cardiac Death 

Constantine A. Hassapoyannes, Leslie M. Stuck, Carlton A. 
Hornung, Michael C. Berbin, and Nancy C. Flowers 


To determine the effect of left ventricular aneurysm on the risk 
of mortality, 121 patients with healed myocardial infarction, 
55 with akinesia on ventriculography and 66 with LV aneu- 
rysm characterized by diastolic deformity and systolic dyskine- 
sia, were followed up at a mean of 5.7 years after initial MI. 
LV aneurysm was an independent predictor of late sudden 
cardiac death and, on a substrate of LV aneurysm, ventricular 
tachycardia was the sole predictor of sudden cardiac death. 


460 
Angiographic Morphology in Unstable Angina and Its 
Relation to Transient Myocardial Ischemia and Hospital 
Outcome 


Raffaele Bugiardini, Andrea Pozzati, Alberico Borghi, Gian 
Luigi Morgagni, Filippo Ottani, Antongiulio Muzi, and Paolo 
Puddu 


Of 88 patients with unstable angina, 32/58 presenting with 
complex coronary stenosis morphology had a major coronary 
event—sudden death, myocardial infarction or emergency re- 
vascularization. Of these 32 patients, 29 had a cumulative du- 
ration of transient myocardial ischemia of 260 minutes per 24 
hours. Association of complex coronary morphology with sus- 
tained myocardial ischemia may identify the majority of pa- 
tients who later have adverse coronary events. 


Dirk Hausmann, Peter Nikutta, Werner G. Daniel, Paul 
Wenzlaff, and Paul R. Lichtlen 
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In patients with stable angina pectoris and positive exercise test 
results, anginal episodes can occur in the absence of ischemic 
electrocardiographic changes during ambulatory monitoring. 
In patients having episodes with ECG changes during ambula- 
tory monitoring, angina without ECG changes most probably 
is ischemic in origin and should be included when estimating 
the extent of myocardial ischemia. 


OT ge EE he EE 
Dependence of Doppler Echocardiographic Transmitral 
Early Peak Velocity on Left Ventricular Systolic 
Function in Coronary Artery Disease 

Shinji Miki, Tomoyuki Murakami, Tomoyuki Iwase, Tetsuya 
Tomita, Yukisono Suzuki, and Chuichi Kawai 


The influence of systolic function on pulsed Doppler echocar- 
diographic transmitral early flow velocity profiles was assessed 
before and after programmed postextrasystolic potentiation in 
12 norma! subjects and 25 patients with previous myocardial 
infarction. Despite a prolonged relaxation, PES potentiation of 
contraction maintained peak E-wave velocity in the controls 
and enhanced it in patients with MI. Early diastolic filling is 
strongly affected by systolic function, and the influence of the 
preceding contraction should be accounted for in the Doppler 
assessment of early diastolic filling. 


r T e Ate ee a a a eS A 

Relation of Serum Lipoprotein Cholesterol Levels to 

Presence and Severity of Angiographic Coronary 
D:sease 


Artery 
Philip A. Romm, Curtis E. Green, Kathleen Reagan, and 
Charles E. Rackley 


Lipid profiles were obtained in 125 men and 72 women under- 
going coronary angiography. Multiple logistic and linear re- 
gression analyses revealed that high-density lipoprotein choles- 
terol was the most powerful independent variable associated 
with the presence and severity of coronary artery disease after 
adjustment for age and gender. Age was independently associ- 
ated with each of the end points examined and was the variable 
most significantly related to extent. 


434 ERE PE NE AEI ERAS BS e's 
Edge Detection Versus Densitometry for Assessing 
Coronary Stenting Quantitatively 

Bradley H. Strauss, Yves Juilliere, Benno J. Rensing, Johan 
H. C. Reiber, and Patrick W. Serruys 


To determine the optimal method to use for quantitative analy- 
sis of the immediate angiographic results of coronary stenting, 
minimal luminal cross-sectional area was determined by both 
edge detection and densitometry in 19 patients who underwent 
percutaneous transluminal coronary angioplasty and then cor- 
onary stenting for symptomatic coronary stenosis. 


x 


491 

Frequency of Success and Complications of 
Angioplasty of a Stenosis at the Ostium of a Branch 
Vessel 


David W. Mathias, Jodi Fishman Mooney, Helmut W. Lange, 
Irvin F. Goldenberg, Fredarick L. Gobel, and Michael R. 
Mooney 


One hundred six patients with coronary angioplasty of 119 
stenoses located at the ostium of a coronary branch vessel were 
evaluated for technical success and in-hospital complications, 
and compared with the general angioplasty population. Angio- 
plasty of ostial branch stenoses results in decreased procedural 
success and significant residual stenosis despite adequate bal- 
loon sizing, suggesting arterial elastic recoil and a significant 
increase in complications. 


as ee Se E E AN 
Pericardial Effusion After Intravenous Recombinant 
Tissue-Type Plasminogen Activator for Acute 
Myocardial Infarction 

Robert N. Belkin, Daniel B. Mark, Lynn Aronson, Hanna 
Szwed, Robert M. Califf, and Joseph Kisslo 


To determine the frequency and clinical sequelae of pericardial 
effusion in patients with acute myocardial infarction treated 
with thrombolytic therapy, 52 patients who underwent serial 
echocardiography during the first Thrombolysis and Angio- 
plasty in Myocardial Infarction trial were studied prospective- 
ly. No patient developed cardiac tamponade, the prevalence of 
pericardial effusion appeared similar to that in more conserva- 
tively treated patients, and adverse sequelae were rare. 


ELISE Aa EE INS MBE RL pals ke 
Comparison of the Efficacy of Questran Light, a New 
Formulation of Cholestyramine Powder, to Regular 
Questran in Maintaining Lowered Plasma Cholesterol 
Levels 


William Insull, Jr., Norman R. Marquis, and Michael C. 
Tsianco 


Sixty-one men with known hypercholesterolemia were chosen 
to test the effectiveness of the new formulation Questran Light 
against the proven effectiveness of the currently marketed 
Questran in maintaining reduced plasma cholesterol levels. 
There were no statistically significant mean changes from 
baseline to end-point lipid/lipoprotein levels in the 2 groups 
taking Questran Light and regular Questran. The new low- 
calorie cholestyramine formulation appears to be equally effec- 
tive in maintaining lowered plasma cholesterol levels as the 
current regular formulation. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


OEE EA AE BESS. b N ST E E Lande ce NU DORE OF 
Characteristics of Accessory Pathways Exhibiting 
Conduction 


Decremental 
Challon J. Murdock, James W. Leitch, Wee Siong Teo, Arjun 
D. Sharma, Raymond Yee, and George J. Klein 


The authors examined the prevalence, electrophysiologic char- 
acteristics and functional significance of decremental conduc- 
tion over an accessory pathway in a retrospective study of 653 
patients. Data demonstrate that decremental conduction over 
accessory pathways is uncommon. Anterograde decremental 
conduction usually occurs in right-sided or septal pathways 
that often do not conduct in retrograde direction. 





511 SE AeA EE Ah 4, 
Usefulness of d, | Sotalol for Suppression of Chronic 
Ventricular Arrhythmias 

Maria |. Anastasiou-Nana, Edward M. Gilbert, Ronald H. 
Miller, Steven Singh, Roger A. Freedman, Deborah L. Keefe, 
Sanjeev Saksena, Daniel J. MacNeil, and Jeffrey L. Anderson 


To determine the efficacy and safety of sotalol, a 6-blocking 
drug with class [II antiarrhythmic activity, 114 patients with 
chronically 230 ventricular premature complexes per hour 
were randomized to high (n = 39) or low (n = 38) divided 
doses (640 and 320 mg/day, respectively) or to placebo (n = 
37) in this 6-week, double-blind, multicenter trial. Sotalol 
works efficaciously in suppressing VPCs, and is somewhat less 
effective but more tolerable in low doses. 
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Carpentier 

Ring After Mitral Valve Repair for Mitral Regurgitation 
Brigitte Unger-Graeber, Richard T. Lee, Martin St. John 
Sutton, Maureen Plappert, John J. Collins, and Lawrence H. 
Cohn 


The authors compared the hemodynamic results of different 
anuloplasty techniques of primary valve repair for mitral re- 
gurgitation in 122 patients who underwent Doppler echocardi- 
ography 5 to 10 days after operation. Data suggest that Car- 
pentier and Duran rings decrease the hemodynamic mitral 
valve area; however, the decrease in valve area is small and not 
associated with a clinically important increase in transvalvular 
gradient. 
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520 

Influence of Sympathetic Stimulation and 
Parasympathetic Withdrawal on Doppler 
Echocardiographic Left Ventricular Diastolic Filling 
Velocities in Young Normal Sub 

Karl-Arne Johannessen, Manuel Cerqueira, Richard C. Veith, 
and John R. Stratton 


The effects of atropine and epinephrine on diastolic mitral fill- 
ing velocities were studied in 10 young normal subjects. Para- 
sympathetic withdrawal reduces early filling velocities, in- 
creases atrial filling velocities and reduces the E/A ratio. In 
contrast, epinephrine at physiologic levels increases E, A and 
the E/A diastolic filling period. These findings document the 
importance of controlling for these factors if Doppler filling 
velocities are used to study diastolic function. 
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Effects of Aminophyiline on Atrioventricular 
Conduction in Patients with Late Atrioventricular Block 
During Inferior Wall Acute Myocardial Infarction 

Boris Strasberg, Rony Bassevich, Aviv Mager, Jairo Kusniec, 
Alex Sagie, and Samuel Sclarovsky 
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Detection of Myocardial Viability in Stunned or 
Hibernating Myocardium by Delayed Emptying on 
Radionuclide Ventriculography 
Vivian B. Fernandes, S. Ben Freedman, Kevin C. Allman, 
George J. Bautovich, Brian F. Hutton, Andrew F. McLaughlin, 
Eleanor K. Whitehead, David T. Kelly, Phillip J. Harris, and 
John G. Morris 


533 

Prognostic Significance of Hydropericardia and 
Pericardial Friction Rub in Q-Wave Acute Myocardial 
Infarction 

Tetsuro Sugiuri, Toshiji Iwasaka, Nobuyuki Takahashi, Fumio 
Yuasa, Hisako Tsuji, Tadashi Hasegawa, Masahide Matsutani, 
and Mitsuo Inada 


535 

impaired Hepatic Function Tests After Thrombolysis 
for Acute Myocardial Infarction 

Dov Freimark, Ron Leor, Hanoch Hod, Dan Elian, Elieser 
Kaplinsky, and Babeth Rabinowitz 
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Influence of Gender on inducibility of Ventricular 


Arrhythmias in Survivors of Cardiac Arrest with 


Coronary Artery Disease 
Paul T. Vaitkus, K. Elizabeth Kindwall, John M. Miller, Francis 
E. Marchlinski, Alfred E. Buxton, and Mark E. Josephson 


Frequency of Late Potentials in Systemic Sclerosis 


Debra K. Moser, William G. Stevenson, Mary A. Woo, Steven 
R. Weiner, Philip J. Clements, Sharon M. Suzuki, Connie L. 
Wright, John S. Child, Janine Krivokapich, and Antoine 
Alhaijje 
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Effect of Balloon Aortic Valvuloplasty on 

indexes of Left Ventricular Diastolic Filling 

Warren J. Manning, Marilyn F. Riley, and Patricia C. Come 
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A Doppler Echocardiographic Examination of the 


Normal Aortic Valve and Left Ventricular Outflow 
Tract 

William R. Davidson, Jr., Michael J. Pasquale, and Claude 
Fanelli 
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Preoperative Angiography of the Internal Mammary 


Artery 
Wing-Hing Chow and Tsun-Cheng Chow 


A Grizzly Paradox 
W.B. Firor 


Trifluoperazine and Contrast 
Cheryl Mahony, Kevin L. Sublett, and Michael R. Harrison 
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Comparison of the Four Major USA Cardiology 


Journals in 1990: A Look at 51 Kilograms (112 
Pounds) of Journals and Over 15,000 Editorial Pages 
William C. Roberts 
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aE et SO eh RT ee 
Expanded Clinical Evaluation of Lovastatin (EXCEL) Study 
Results Il. Assessment of the Human Lens After 48 Weeks of 
Treatment with Lovastatin 

Alan M. Laties, Charles L. Shear, Erik A. Lippa, A. Lawrence Gould, Hugh 
R. Taylor, Dennis P. Hurley, Wendy P. Stephenson, Edwin U. Keates, 
Mary Ann Tupy-Visich, and Athanassios N. Chremos 


The crystalline lenses of hypercholesterolemic patients were assessed be- 
fore and after 48 weeks of treatment with lovastatin or placebo to deter- 
mine the effect of lovastatin on the human lens, Patients were given a 
biomicroscopic (slit-lamp) examination of the lens, and a previously vali- 
dated, standardized classification system was used to describe the find- 
ings. A total of 8,245 patients were randomly assigned in equal numbers to 
treatment with placebo or lovastatin 20 or 40 mg once daily, and 20 or 40 
mg twice daily, in this double-blind, parallel-group study. Analyses of the 
week 48 distributions of cortical, nuclear and subcapsular opacities, and 
visual acuity assessments showed no statistically significant differences (p 
<0.01) between the placebo and lovastatin treatment groups. Moreover, 
no significant differences were found among the groups in the frequencies 
of spontaneously reported adverse ophthalmologic experiences. No evi- 
dence was found for an effect of lovastatin on the human lens after 48 
weeks of treatment. 


mF cy a Sh a ne a esd 
Effect of Left Ventricular Aneurysm on Risk of Sudden and 
Nonsudden Cardiac Death 

Constantine A. Hassapoyannes, Leslie M. Stuck, Carlton A. Hornung, 
Michael C. Berbin, and Nancy C. Flowers 


To determine the effect of left ventricular (LV) aneurysm on the risk of 
late sudden and nonsudden cardiac death, we studied 121 patients with 
healed myocardial infarction (MI) [55 manifesting akinesia on ventric- 
ulography (MI group) and 66 with diastolic deformity (eccentricity) and 
systolic dyskinesia (LV aneurysm group)] over a 5.7-year interval. Ven- 
tricular ectopy was quantitated by 24-hour Holter monitoring. For all 
patients, ejection fraction was the best predictor of total cardiac death (p 
<0.005), and LV aneurysm the best predictor of sudden cardiac death (p 
<0.05). In the LV aneurysm group, total cardiac death was predicted by 
decreasing ejection fraction (p <0.05), ventricular tachycardia (p <0.01 ) 
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and right coronary disease (p <0.1). Ventricular tachycardia was the sole 
predictor of sudden cardiac death (p <0.05). Risk of late sudden cardiac 
death is small after uncomplicated MI, but significant in the presence of 
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s aneurysm. 
i Angiographic Morphology in Unstable Angina and Its Relation 

K to Transient Myocardial Ischemia and Hospital Outcome 

A Raffaele Bugiardini, Andrea Pozzati, Alberico Borghi, Gian Luigi Morgagni, 

F Filippo Ottani, Antongiulio Muzi, and Paolo Puddu 
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Complex stenosis morphology frequently occurs in patients with unstable 
angina. However, its prognostic significance is still uncertain. According- 
ly, early coronary angiography was performed in 88 patients presenting 
with unstable angina. Continuous electrocardiographic recordings were 
made during the first 24 hours. Over the subsequent month, 32 of 58 
patients presenting with complex stenosis morphology had a major coro- 
nary event (sudden death, myocardial infarction or emergency revascular- 
ization). Of these 32 patients, 29 had a cumulative transient myocardial 
ischemia duration of 260 minutes per 24 hours. Only 2 patients, who had 
smooth, regular stenoses, had an unfavorable outcome. It is concluded 
that plaque disruption is a potential trigger for rapidly progressing unsta- 
ble angina. Ultimate prognosis, however, depends on the association of 
this finding with other precipitating factors that underlie the degree of 
coronary stenosis and related ischemia. Association of complex coronary 
morphology with sustained myocardial ischemia may identify the major- 
ity of patients (85%) who later have adverse coronary events. 
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Anginal Symptoms Without Ischemic Electrocardiographic 
Changes During Ambulatory Monitoring in Men With Coronary 
Artery Disease 

Dirk Hausmann, Peter Nikutta, Werner G. Daniel, Paul Wenzlaff, and 

Paul R. Lichtlen 
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The incidence of episodes of angina pectoris without electrocardiographic 
(ECG) signs of myocardial ischemia during 24-hour ambulatory monitor- 
ing was studied in 128 patients with stable angina pectoris, proven coro- 
nary artery disease and positive exercise test results: 104 episodes occurred 
only with angina pectoris, 86 episodes occurred with both ECG changes 
| and angina pectoris, and 255 episodes occurred only with ECG changes. 
3 Anginal episodes without ECG changes were detected in 44 patients 
À (group A); in this group, 15 patients had both angina pectoris without 
: | ECG changes and episodes with ischemic ECG changes. In 84 patients 
E 
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(group B) all episodes were accompanied by ischemic ECG changes. 

Patients in groups A and B had no differences in the extent of coronary 
i artery disease and in exercise test data; however, maximal ST-segment 
E depression during exercise testing was significantly greater in group B 
ral than in group A patients. Anginal episodes without ECG changes in 
2 patients also having episodes with ECG changes during the same record- 
i ing period most probably are of ischemic origin and should be included 
when estimating the extent of myocardial ischemia. 
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sis and Angioplasty in Myocardial Infarction trial at Duke University 
Medical Center. Pericardial effusion was present in 8% of patients at day 
0, in 5% at day 1, in 19% at day 3 and in 24% at day 6. By day 6, 3 of 10 ef- 
fusions were moderate and | was large. No patient developed tamponade. 
Thus, the prevalence of pericardial effusion after thrombolytic therapy 
appears similar to that in more conservatively treated patients, and ad- 
verse sequelae are rare. 
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Comparison of the Efficacy of Questran Light, a New 
Formulation of Cholestyramine Powder, to Regular Questran 
in Maintaining Lowered Plasma Cholesterol Levels 

William Insull, Jr., Norman R. Marquis, and Michael C. Tsianco 


The efficacy of Questran Light, a new low-calorie formulation of cholesty- 
ramine, was tested against the proven effectiveness of the currently mar- 
keted formulation of Questran. Participants included 61 men with known 
hypercholesterolemia who were treated with 24 g of regular Questran in 2 
divided doses daily for 3 weeks to establish a baseline of reduced plasma 
low-density lipoprotein cholesterol and randomized into 2 groups for 4 test 
weeks. One group received 24 g of cholestyramine of the Questran Light 
formulation and the other continued to take regular Questran with aver- 
age adherence during the test period of 91 and 93%, respectively. There 
were no statistically significant mean changes from baseline to end-point 
f lipid /lipoprotein levels in the 2 groups. The new low-calorie cholestyra- 
mine formulation appears to be equally effective in maintaining lowered 
k plasma cholesterol levels as the currently marketed formulation. 





i ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


o SEE ie SENAT CARIE TAE E NEA RR e a OP A TA a 
i Characteristics of Accessory Pathways Exhibiting Decremental 
K Conduction 

P Challon J. Murdock, James W. Leitch, Wee Siong Teo, Arjun D. Sharma, 
i Raymond Yee, and George J. Klein 


This study examined the prevalence, electrophysiologic characteristics 
i and functional significance of decremental conduction over an accessory 
; pathway. Decremental conduction was identified in 50 of 653 patients 
with an accessory pathway demonstrated at electrophysiologic study 
(7.6%). Anterograde decremental pathways were usually right-sided or 
septal and often did not conduct in the retrograde direction. There was no 
significant difference in the effective refractory period or shortest cy- 
cle length with 1:1 conduction over decremental accessory pathways in an- 
terograde and retrograde directions. The shortest RR interval in atrial 
fibrillation between 2 preexcited QRS complexes was longer in patients 
with anterograde decremental conduction than in patients with accessory 
t pathways without decremental conduction. 
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Usefulness of d, | Sotalol for Suppression of Chronic 
Ventricular Arrhythmias 

Maria |. Anastasiou-Nana, Edward M. Gilbert, Ronald H. Miller, Steven 
Singh, Roger A. Freedman, Deborah L. Keefe, Sanjeev Saksena, Daniel J. 
MacNeil, and Jeffrey L. Anderson 
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The antiarrhythmic efficacy and safety of 2 doses of sotalol (320 and 640 
mg/day in 2 divided doses) were compared to placebo in this 6-week 
randomized, double-blind, multicenter study of 114 patients with =30 
ventricular premature complexes (VPCs) per hour. Total VPCs were 
reduced 10% by placebo (n = 37), 75% by low-dose (n = 38; p <0.001 vs 
placebo) and 88% by high-dose sotalol (n = 39; p <0.001 vs placebo; p 
<0.05 vs low dose). VPC reductions of =75% were achieved in 6, 34 and 
71% of patients, respectively (p <0.003, sotalol vs placebo; p = 0.007, high 
vs low dose). Repetitive VPCs were suppressed 25% by placebo (differ- 
ence not significant), 80% by low-dose (p <0.003) and 78% by high-dose 
sotalol (p <0.005). Sotalol increased PR and corrected JT intervals and 
reduced heart rate. Proarrhythmia (nonfatal) occurred in 3 sotalol and 2 
placebo patients. Adverse effects were generally mild but dose-related. 
Sotalol is an effective antiarrhythmic drug; a lower dose is somewhat less 
effective in reducing VPC rates but is better tolerated. 
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VALVULAR HEART DISEASE 


ER Sethe ORT N E E OR A A AE SA AE ENS AME WS, SEAE Teena 
Doppler Echocardiographic Comparison of the Carpentier and 
Duran Anuloplasty Rings Versus No Ring After Mitral Valve 
Repair for Mitral Regurgitation 

Brigitte Unger-Graeber, Richard T. Lee, Martin St. John Sutton, Maureen 
Plappert, John J. Collins, and Lawrence H. Cohn 
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| To compare the hemodynamic results of different anuloplasty techniques 
4 of primary valve repair for mitral regurgitation, 122 patients were pro- 
spectively studied with Doppler echocardiograms 5 to 10 days postopera- 
tively. Forty-eight patients received the flexible Duran ring, 46 received 
the more rigid Carpentier ring, and 28 patients received no ring. Doppler 
echocardiography demonstrated a significant decrease in mitral valve area 
estimated by the pressure half-time method in patients who received either 
a Carpentier (2.6 + 0.8 cm?) or Duran ring (2.8 + 0.8 cm?) when 
i compared with patients who received no ring (3.2 + 0.7 cm?) (p = 0.01). 
S These data suggest that Carpentier and Duran rings decrease the hemody- 
ie namic mitral valve area; however, the decrease in valve area is small and 
not associated with a clinically important increase in transvalvular gradi- 
R ent. 
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Effect 
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Central Nervous Nervous System— Headache, vertigo, apprehension, excitement , Confusion, delirium, dementia, ataxia, depression 
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a Roe a i a A ae oe eee 
Influence of Sympathetic Stimulation and Parasympathetic 
Withdrawal on Doppler Echocardiographic Left Ventricular 
Diastolic Filling Velocities in Young Normal Subjects 

Karl-Arne Johannessen, Manuel Cerqueira, Richard C. Veith, and 

John R. Stratton 


The effects of atropine and epinephrine on diastolic mitral filling velocities 
were studied in 10 young normal subjects. At the highest atropine dose, 
heart rate increased by 75%, the diastolic filling period decreased by 61%, 
the peak early (E) decreased 23%, the peak atrial (A) increased 103%, 
and the E/A ratio decreased by 60% (all p <0.001 ). Changes in the E, A 
and the E/A ratio were highly correlated tø changes in the diastolic filling 
period. Effects of atropine on the E/A ratio were normalized by dividing 
by the diastolic filling period (E/A /diastolic filling period). At the highest 
infusion dose, epinephrine increased the heart rate by 26%, decreased the 
diastolic filling period by 22%, increased the E by 43%, and increased the 
A by 30% (all p <0.01). The E/A ratio increased 15% (p = 0.13), 
whereas the E/A/diastolic filling period increased by 43% (p <0.01). 
Increases in epinephrine levels directly correlated to increases in E peak, A 
peak and the E/A/diastolic filling period. These findings document the 
significant influences of parasympathetic withdrawal and sympathetic 
activation on diastolic mitral inflow velocities. 
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Effects of Aminophylline on Atrioventricular Conduction in 
Patients with Late Atrioventricular Block During Inferior Wall 
Acute Myocardial Infarction 

Boris Strasberg, Rony Bassevich, Aviv Mager, Jairo Kusniec, Alex Sagie, 
and Samuel Sclarovsky 
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Detection of Myocardial Viability in Stunned or Hibernating 
Myocardium by Delayed Emptying on Radionuclide 
Ventriculography 

Vivian B. Fernandes, S. Ben Freedman, Kevin C. Allman, George J. 
Bautovich, Brian F. Hutton, Andrew F. McLaughlin, Eleanor K. Whitehead, 
David T. Kelly, Phillip J. Harris, and John G. Morris 
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Prognostic Significance of Hydropericardia and Pericardial 
Friction Rub in Q-Wave Acute Myocardial Infarction 

Tetsuro Sugiuri, Toshiji lwasaka, Nobuyuki Takahashi, Fumio Yuasa, 
Hisako Tsuji, Tadashi Hasegawa, Masahide Matsutani, and Mitsuo Inada 
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Impaired Hepatic Function Tests After Thrombolysis for Acute 
Myocardial Infarction 

Dov Freimark, Ron Leor, Hanoch Hod, Dan Elian, Elieser Kaplinsky, and 
Babeth Rabinowitz - 


K UREN GRRL e EI AEC EE A CE A SURNE S S NEA 
Influence of Gender on inducibility of Ventricular Arrhythmias 
in Survivors of Cardiac Arrest with Coronary Artery Disease 
Paul T. Vaitkus, K. Elizabeth Kindwall, John M. Miller, Francis E. 
Marchlinski, Alfred E. Buxton, and Mark E. Josephson 
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Frequency of Late Potentials in Systemic Sclerosis 

Debra K. Moser, William G. Stevenson, Mary A. Woo, Steven R. Weiner, 
Philip J. Clements, Sharon M. Suzuki, Connie L. Wright, John S. Child, 
Janine Krivokapich, and Antoine Alhajje 


BAE i kaa TEE, aen a a aa T S ER DR aa Oy aie 
Effect of Balloon Aortic Valvuloplasty on Doppler Indexes of 
Left Ventricular Diastolic Filling 

Warren J. Manning, Marilyn F. Riley, and Patricia C. Come 


547 
A Doppler Echocardiographic Examination of the Normal 
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Kindhearted Lozol is not 


associated with adverse lipid changes* 
— unlike hydrochlorothiazide. In 
fact, both short- and long-term stud- 
ies demonstrate that Lozol reduces 
hypertension without compromising 
cholesterol.'-> For patients at higher 
cardiovascular risk because of high 
blood pressure and lipid concerns, 
Kindhearted Lozol offers safe, 
effective diuretic therapy. 


ONE A DAY 


LOZHIO© 


INDAFAMALE 25mg 


The diuretic that doesn't 


compromise cholesterol 


*Lozol is not a cholesterol-lowering agent, nor has it been 
shown to reduce existing atherosclerotic plaque. 


Calcium excretion is decreased by diuretics pharmacologically related’to indapamide 
Serum concentrations of calcium increased only slightly with indapamide in long-term 
Studies of hypertensive patients. Indapamide may decrease serum PBI levels without 
signs of thyroid disturbance. Complications of hyperparathyroidism have not been 
seen. Discontinue before tests of parathyroid function are performed 

Thiazides have exacerbated or activated systemic lupus erythematosus. Consider this 
possibility with indapamide, 


DRUG INTERACTIONS: LOZOL may add to or potentiate the action of other 
antihypertensive drugs. The antihypertensive effect of the drug may be enhanced in 
the postsympathectomized patient. Indapamide may decrease arterial responsiveness 
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nursing 
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occurred in 3% and 7% of patients given indapamide 2.5 mg and 510 mg, respectively 
In a long-term study (157 patients) potassium supplementation was given to 12% and 
27% of patients on indapamide 2.5 mg and 5.0 mg, respectively. Other adverse 
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Sialadenitis, xanthopsia, photosensitivity, purpura, necrotizing angiitis, fever, respiratory 
distress (including pneumonitis), anaphylactic reactions, agranulocytosis, leukopenia, 
thrombocytopenia, aplastic anemia 


CAUTION: Federal ( U.S.A.) law prohibits dispensing without prescription. 
Keep tightly closed. Store at room temperature. Avoid excessive heat. 
Dispense in tight containers as defined in USP 

See product circular for full prescribing information. Revised: June 1990 
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Expanded Clinical Evaluation of Lovastatin 
(EXCEL) Study Results Il. Assessment of the 
Human Lens After 48 Weeks of 


Treatment with Lovastatin 


Alan M. Laties, MD, Charles L. Shear, DrPH, Erik A. Lippa, MD, PhD, A. Lawrence Gould, PhD, 
Hugh R. Taylor, MD, Dennis P. Hurley, DrSc, Wendy P. Stephenson, MD, Edwin U. Keates, MD, 
Mary Ann Tupy-Visich, RN, MSN, and Athanassios N. Chremos, MD 





The crystalline lenses of hypercholesterolemic pa- 
tients were assessed before and after 48 weeks of 
treatment with lovastatin or placebo to determine 
the effect of lovastatin on the human lens. Patients 
were given a biomicroscopic (slit-lamp) examination 
of the lens, and a previously validated, standard- 
ized classification system was used to describe the 
findings. A total of 8,245 patients were randomly 
assigned in equal numbers to treatment with place- 
bo or lovastatin 20 or 40 mg once or twice daily in 
this double-blind, parallel-group study. Statistical 
analyses of the distribution of cortical, nuclear and 
subcapsular opacities at 48 weeks, adjusted for 
age and presence of an opacity at baseline, showed 
no significant differences (p <0.01) between the 
placebo and lovastatin-treated groups. Visual acu- 
ity assessments at week 48 were also not found to 
have significantly different distributions among 
treatment groups. Moreover, no significant differ- 
ences were found among the groups in the frequen- 
cies of >2-line worsening in visual acuity with con- 
current progression in lenticular opacity, cataract 
extraction, or any spontaneously reported adverse 
ophthalmologic experience. No evidence was found 
for an effect of lovastatin on the human lens after 
48 weeks of treatment. 

(Am J Cardiol 1991;67:447-453) 
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of cholesterol-lowering compounds, 3-hydroxy-3- 

methylglutaryl coenzyme A (HMG-CoA) reduc- 
tase inhibitors. These act by the reversible competitive 
inhibition of HMG-CoA reductase, a rate-limiting en- 
zyme early in the pathway of cholesterol biosynthesis.’ 
A marked reduction of plasma low-density lipoprotein 
cholesterol, modest decrease in triglycerides, and a mod- 
est increase in high-density lipoprotein cholesterol are 
observed.2-> Lovastatin is currently used in the treat- 
ment of primary hypercholesterolemia.** 

At 40 to 60 times the maximum recommended hu- 
man dose, lovastatin has been shown to cause subcapsu- 
lar opacities, predominately posterior, in beagle dogs.’ 
The mechanism for this occurrence is not clearly under- 
stood. In early clinical trials, ascertainment of a possible 
drug effect was limited by both the lack of a placebo 
control in the follow-up of patients and the lack of stan- 
dardization of the methods used to report findings from 
the slit-lamp examination. The package circular for 
lovastatin recommends that patients treated with lova- 
statin be given a biomicroscopic examination of the lens 
before or shortly after initiation of treatment and annu- 
ally thereafter.* 

We report here the ophthalmologic findings from a 
362-center, randomized, double-blind, placebo-con- 
trolled, parallel-group, 48-week study conducted to as- 
sess the long-term efficacy and safety profile of lovasta- 
tin. In all, 8,245 patients with moderate primary hyper- 
cholesterolemia were randomized to treatment. Patients 
were given a biomicroscopic (slit-lamp) examination of 
the lens, and findings were standardized using a previ- 
ously tested system. The results show no evidence of an 
effect of lovastatin on the human crystalline lens after 
48 weeks of treatment. 


i ovastatin is the first marketed drug of a new class 


METHODS 

The study design and general comparability of treat- 
ment groups at baseline have been reported in detail 
elsewhere! and are summarized here. 


*Mevacor® package insert, Merck & Co., Inc., June 1989. 
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Patient selection: Patients 18 to 70 years old with 
moderate primary hypercholesterolemia were eligible 
for participation. Lipid and lipoprotein criteria for entry 
were plasma total cholesterol from 240 to 300 mg/dl, 
low-density lipoprotein cholesterol => 160 mg/dl and tri- 
glycerides <350 mg/dl. Patients were excluded if they 
were women with childbearing potential, if they had im- 
paired hepatic or renal function, unstable medical con- 
ditions, or diabetes mellitus requiring insulin or oral hy- 
poglycemic agents. The presence of coronary artery dis- 
ease risk factors or of chronic ophthalmologic conditions 
did not exclude patients from participation. 

The study protocol was approved by the institutional 
review board at each participating site, and patients 
gave written informed consent before participating in 
the trial. 

General design: After a minimum of 4 to 6 weeks on 
a lipid-lowering diet (American Heart Association Step 
I or more stringent), patients fulfilling the qualifying 
criteria of the study were randomly assigned to 1 of 5 
parallel treatment groups: placebo or lovastatin 20 or 40 
mg once or twice daily. Patients, investigators, ophthal- 
mologists and study staff were blinded to treatment 
group. Patients then continued their lipid-lowering diet 
and took the assigned study medication for 48 weeks, 
with return visits every 6 weeks for clinical and labora- 
tory assessments, including the reporting of any adverse 
experiences. Investigators and patients were blinded to 
the results of lipid assessments. Ophthalmologic exami- 
nations were performed at baseline and weeks 24 and 
48 of the study by ophthalmologists assigned by the in- 
dividual study site. Investigators from 362 clinical sites 
in the continental United States participated in this 
multicenter study. 

Ophthalmologic examination: Each ophthalmologic 
examination included the assessment of best-corrected 
Snellen visual acuity at distance, examination of the 
lens with slit-lamp after dilation of the pupil to 26 mm, 
and external and anterior segment examination and 
ophthalmoscopic evaluation of the retina. Whenever 
possible, the same ophthalmologist was to perform all of 
a patient’s study examinations. This, in fact, occurred 
for 87% of the patients in each treatment group. The 
ophthalmologist was instructed not to refer to observa- 
tions from past examinations of a patient when complet- 
ing observations during an examination. 

To standardize the recording of lens findings during 
the examinations, observations were graded for sever- 
ity within each of 7 categories: (1) cortical wedges 
and spokes-quadrants affected (0,1,2,3,4); (2) cortical 
wedges and spokes-maximal inward extent (minimal, 
moderate, advanced); (3) cortical waterclefts, vacuoles 
and flakes (none, few, moderate, many); (4) nuclear 
opacity (absent, trace, moderate, dense); (5) nuclear 
coloration (no color, pale yellow, yellow, yellow/brown); 
(6) posterior subcapsular opacity (absent, just visible, 
minimal, moderate, advanced); and (7) anterior subcap- 
sular opacity (same grades as category 6). This classifi- 
cation draws heavily on methods devised by Taylor and 
West!! and is comparable to those devised by oth- 
ers.!>13 Ophthalmologists were provided with written 
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instructions together with photographic standards and 
sketches depicting each grade in the 7 categories. Reli- 
ability testing of the classification system has shown ac- 
ceptable intraexaminer reliability for the classes of lens 
findings of greatest interest: cortical wedges and spokes- 
quadrants affected, nuclear opacity, and posterior sub- 
capsular opacity.!4 

Statistical analysis: The effect of lovastatin on the 
human lens was assessed using findings from the lens 
examinations, visual acuity assessments and reports of 
ophthalmologic adverse experiences volunteered by the 
patients. 

The frequency distributions of the grades from the 
lens examinations and of the visual acuity assessments 
after 48 weeks of treatment were compared among the 
treatment groups; adjustments were made for age group 
and the presence versus absence of a finding (for lens 
opacities) or 20/20 versus worse vision (for visual acu- 
ity) at baseline.'° These adjustments were made to in- 
crease the sensitivity of the comparisons among treat- 
ment groups. Differences among treatment groups in 
the adjusted frequency distributions were used to es- 
timate drug effects; the following comparisons were 
made: (1) lovastatin 40 mg twice daily versus placebo, 
(2) lovastatin 40 mg daily (20 mg twice and 40 mg once 
daily combined) versus placebo, (3) lovastatin 40 mg 
twice daily versus lovastatin 20 mg once daily, and (4) 
lovastatin 20 mg twice daily versus lovastatin 40 mg 
once daily. These comparisons correspond to hypotheses 
identified at the outset: comparisons 1 and 2 address 
treatment effects relative to placebo, comparison 3 tests 
for a dose-response relation, and comparison 4 address- 
es the possibility of a regimen effect. Separate analyses 
were performed for the right and left eye results to con- 
firm possibly significant findings, since any toxic effect 
of a systemic agent should occur in both eyes. In all, 64 
comparisons were made (7 lens categories + visual acu- 
ity) X (4 treatment comparisons) X (2 eyes). To mini- 
mize the possibility of obtaining artifactual differences 
arising from multiple comparisons and the large sample 
size, a computed significance level of p <0.01 was used 
to reject the hypothesis that the true value of each com- 
parison was zero. 

To ensure that the results would reflect outcomes 
after a reasonable duration of treatment, the analyses 
included only data on patients with an examination af- 
ter 2270 days with treatment (range 270 to 535 days, 
median = 339). The findings for the patients omitted 
from the analyses were also examined, and the results 
were similar. 

Owing to the volume of results and the similarity of 
outcome in all parameters, detailed tabulations are pre- 
sented only for the categories of greatest interest: corti- 
cal wedges and spokes (quadrants affected), nuclear 
opacity, posterior subcapsular opacity and visual acuity. 
Statistically significant findings were not found in either 
eye for the lens opacity categories not presented here. 

A total of 8,245 patients were randomized to treat- 
ment (placebo = 1,663; 20 mg once daily = 1,642; 40 
mg once daily = 1,645; 20 mg twice daily = 1,646; 40 
mg twice daily = 1,649). Of these, patients were not 


TABLE I General Characteristics of Patients at Baseline 


Treatment Group—Lovastatin 


20mg 40mg 20mg 40mg 
Placebo gpm apm bid bid 


1645 1,646 1,649 
58 59 


Patients randomized 
Sex (percent male) 
Age (mean years) 
Men 
Women 
Ethnicity (percent white) 
Lipid /lipoprotein levels 
(mg/dl) 
Total cholesterol (mean) 
LDL cholesterol (mean) 
HDL cholesterol (mean) 
Triglycerides (median) 


Hypertensive 


Current cigarette smokers 18 20 18 18 18 
History of coronary 29 29 27 29 28 
artery disease 


bid = twice daily; qpm = once daily. 


included in the visual acuity and lens opacities analyses 
if any of the following conditions applied to them (num- 
bers are the range of patients excluded for right or left 
eye analyses): absence of baseline examination or value 
not recorded (4 to 15); aphakia, pseudophakia or cata- 
ract extraction recorded at baseline (19 to 35) or at any 
time after randomization (1 to 7) (the frequencies of 
the latter conditions were analyzed as adverse experi- 
ences and excluded here to remove artificial improve- 
ments over time); absence of follow-up examination or 
value not recorded after day 269 (249 to 298). Follow- 
up slit-lamp examination and visual acuity assessments 
before day 270 were available in 55 to 63% of patients 
(in each treatment group) who withdrew before the 
study completion, and inspection of these patients’ out- 
comes showed no material differences by treatment 
group. With these exclusions, from 79 to 82% of ran- 
domized patients in each treatment group were included 
in the analyses of visual acuity and lens opacities. 

Ophthalmologic adverse experiences were defined as 
signs and symptoms reported by the patient at any time 
during the trial that indicated possible ocular deteriora- 
tion, regardless of suspected cause.'© The usual 2 X 2 
chi-square statistic was used to test for between-group 
differences in incidence of ophthalmologic adverse expe- 
riences. This analysis included all patients randomized 
to treatment, regardless of how long they remained in 
the study. 


RESULTS 

Effectiveness of randomization: The treatment 
groups were similar at baseline in the distributions of 
nonophthalmologic (Table I) and ophthalmologic (Ta- 
ble II) characteristics. A total of 8,245 patients were 
randomized to study medication, and 59% were men. 
The prevalence of opacities at baseline (right eye) 
ranged from 3% for anterior subcapsular opacification 
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TABLE Il Ophthalmologic Characteristics of Patients at 
Baseline, Right Eye* 





Treatment Group—Lovastatin 


20mg 40mg 20mg 40mg 
Placebo gpm qpm bid bid 


Percent of Total 


History 





Cataract extraction 2 2 1 2 1 

Exposure to glucocorti- 2 1 2 2 2 
coids (>4 months’ 
duration) 

Glaucoma 3 3 3 3 3 

Ocular surgery /laser 3 3 3 3 3 
therapy 

Visual acuity 
20/25 to 20/40 21 22 20 22 23 
20/50 or worse 3 2 2 2 2 


Slit--amp examinationt 
Cortical opacity 


Waterclefts / 29 27 29 31 27 
vacuoles / flakes 

Wedges /spokes 15 16 14 17 16 
Nuclear Finding 

Opacity 41 40 39 40 38 

Coloration 43 43 42 44 40 
Subcapsular opacity 

Posterior 8 8 8 8 

Anterior 3 3 






* Similar results for left eye. 
t Percentage reported is for the presence of any opacification. 
bid = twice daily; qpm = once daily. 


to 42% for nuclear coloration (Table II). More than 
half the patients with an opacity present at baseline 
were scored in the lowest grade. For example, 56% of 
patients with cortical wedges and spokes had only 1 
quadrant affected; 65% of patients with nuclear opaci- 
ties had opacities graded as “trace”; and 64% of pa- 
tients with posterior subcapsular opacities had opacities 
graded as “just visible.” 

The distributions of lens findings and visual acuity 
assessments at baseline were consistently and directly 
related to age in the same way for all treatment groups. 
Overall, 5% of the patients <45 years of age had corti- 
cal wedges and spokes present, compared with 25% of 
the patients >64 years of age. The corresponding per- 
centages were 10 vs 61% for nuclear opacity, and 4 vs 
12% for posterior subcapsular opacity. 

Study participation: Overall, 6,847 patients (83%) 
completed the study, ranging from 82% (40 mg once 
daily) to 85% (20 mg twice daily) of the patients in 
each treatment group (Table III). Ophthalmologic ad- 
verse experiences were cited as the primary reason for 
withdrawal at similar rates in the placebo and lova- 
statin treatment groups (0.6 to 0.8%). Loss to follow- 
up was equally distributed among all treatment groups 
(2 to 3%). 

Lens examination outcomes: The distribution of 
findings from the lens examinations at week 48 are pro- 
vided for cortical wedges and spokes by number of 
quadrants affected (Table IV), nuclear opacity (Table 
V), and posterior subcapsular opacity (Tables VI and 
VII). Results are presented separately for the patients 
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Treatment Group—Lovastatin 
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20 mg qpm 40 mg qpm 


Completed 48 weeks 
Lost to follow-up 


1370 (82) 
49 (3) 


1370 (83) 
39 (2) 


1352 (82) 1394 (85) 1361 (83) 





RE 


4a" 


7 a 


> 





ie i se ee 
F me rart Fa 


4 


PRT Sel ee) ey ore ey ee 
a Se ey, a ° a rms 
ert Me 


Fs 


aa 


Withdrawn* 
Due to ophthalmologic 
adverse experience 


244 (15) 
11 (1) 


233 (14) 
11 (1) 


50 (3) 
243 (15) 
13 (1) 


34 (2) 
218 (13) 
10 (1) 


42 (3) 
246 (15) 
11 (1) 


* Includes clinical or laboratory adverse experiences, protocol deviation, patient choice, and all other reasons. 


t This is a subcategory of withdrawals and should not be summed with other categories. 


bid = twice daily; qpm = once daily. 


Treatment Group—Lovastatin 
Quadrants 
Affected at 
Week 48 


20 mg 
qpm 


40 mg 20 mg 40 mg 


Placebo qpm bid bid 


1,072 
(94.7) (95.4) (94.8) 
44 44 
(3.9) (3.9) 
8 11 
(0.7) (1.0) 
4 2 
(0.4) (0.2) 
3 2 
(0.2) 


(0.3) 


Patients with Any Quadrants Affected at B 
42 50 


aseline 
34 38 39 
(17.8) 


0 
(16.5) 
99 
(42.9) 
47 
(19.9) (20.3) 
11 22 
(5.8) (9.5) 
25 25 


(13.3) (13.1) (10.8) 
* Patients with cataract extraction or aphakia are omitted. Numbers are patient 
counts with percentage in parentheses. Results for left eye were similar. No signifi- 
cant differences (p <0.05) were found in the distributions at week 48 for placebo- and 


lovastatin-treated groups. 
bid = twice daily; qom = once daily. 


with and without an opacity at baseline. The results for 
the cortex and nucleus are given for the right eye; the 
results for the left eye were similar. The results for pos- 
terior subcapsular opacity are given for both eyes be- 
cause of slight differences in baseline distribution and 
because of the previous animal findings. 

There were no statistically significant (p <0.01) dif- 
ferences among the treatment groups with respect to the 
distribution of right or left eye findings in any of the 7 
lens opacity categories. In fact, none of the differences 
among the treatment groups even reached the 5% level 
of significance. 

Inspection of these distributions revealed similar pat- 
terns for the different categories of opacity. For patients 
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Treatment Group—Lovastatin 
Nuclear 
Opacity at 
Week 48 


20 mg 40 mg 20 mg 40 mg 


Placebo qpm qpm bid bid 


Absent 706 705 694 710 745 
(90.5) (88.1) (87.4) (88.2) (88.9) 

Trace 93 96 94 87 
(11.6) (12.1) (11.7) (10.4) 

Moderate 2 4 1 6 
(0.3) (0.5) (0.1) (0.7) 

Advanced 0 0 0 0 0 


Patients with Any Nuclear Opacity at Baseline 


Absent 84 90 73 66 69 
(15.5) (16.6) (13.6) (12.2) (13.8) 

Trace 380 395 395 397 375 
(70.0) (72.7) (73.8) (75.0) 

Moderate 75 56 63 55 
(13.8) (10.3) (11.8) (11.0) 

Advanced 4 2 4 1 
(0.7) (0.4) (0.7) (0.2) 

* Patients with cataract extraction or aphakia are omitted. Numbers are patient 
counts withipercentage in parentheses. Results for left eye were similar. No signifi- 
cant differences (p <0.05) were found in the distributions at week 48 for placebo and 


lovastatin treatment groups. 
bid = twice daily; qpm = once daily. 





with no opacity at baseline, approximately 90% had no 
opacity at week 48; the remaining patients were distrib- 
uted similarly by opacity grade among the placebo and 
lovastatin treatment groups. For patients with an opaci- 
ty at baseline, from 12% (nuclear opacity) to 30% (pos- 
terior subcapsular opacity) were graded with no opacity 
at week 48, whereas the remaining patients were dis- 
tributed similarly by opacity grade among the placebo 
and lovastatin treatment groups. The proportion of pa- 
tients with an opacity at baseline but none at week 48 
reflects misclassification in the rating system. 

Visual acuity outcomes: Visual acuity results are 
summarized in Table VIII. About 75% of patients in all 
treatment groups had 20/20 vision at week 48, with an 
additional 20% assessed at 20/30. For the right eye 
findings at week 48, the difference in the distribution of 
visual acuity between the 20 mg twice daily and 40 mg 
once daily dosage groups neared significance (p = 


TABLE VI Distribution of Posterior Subcapsular Opacity, 
Right Eye at Week 48* 


Posterior 
Subcapsular 
Opacity at 20 mg 40 mg 20 mg 40 mg 
Week 48 Placebo q m bid bid 


pm qp 
Patients with No Posterior Subcapsular Opacity at Baseline 


Absent 1,172 1,202 1,193 1,193 
(96.8) (97.6) (97.0) 
Just visible 32 29 31 
(2.6) (2.0) (2.5) 
Minimal 6 5 5 
(0.5) (0.4) (0.4) 
Moderate 1 0 1 
(0.1) (0.0) (0.1) 
Advanced 0 0 0 


Patients with Any Posterior Subcapsular Opacity at Baseline 
23 3 


Absent 31 27 30 
(30.0) 
Just visible 43 
(43.0) 


Treatment Group—Lovastatin 


Minimal 
(15.3) 
Moderate 15 
(13.5) 
Advanced 3 
(2.7) 
* Patients with cataract extraction or aphakia are omitted. Numbers are patient 
counts with percentage in parentheses. No significant differences (p <0.05) were 


found in the distributions at week 48 for placebo and lovastatin-treated groups. 
bid = twice daily; qom = once daily. 


0.015). The only other finding with a p <0.05 was that 
the 40 mg twice daily group had better visual acuity 
(left eye) than the placebo group at week 48. 

Adverse experiences: Ophthalmologic adverse expe- 
riences occurred with similar frequency among the 
treatment groups (Table IX). In the placebo group, 7 
patients underwent cataract extraction, whereas the fre- 
quency ranged from 2 to 11 in the lovastatin-treated 
groups with no apparent dose relation. A 22-line wors- 
ening in visual acuity with concurrent worsening in a 
lens opacity (an event that was used to monitor individ- 
ual patient safety) occurred in 8 patients receiving pla- 
cebo and in 4 to 6 patients in any lovastatin treatment 
group. Ophthalmologic adverse experiences were report- 
ed with nearly equal frequency in the placebo (20%) 
and lovastatin treatment groups (21 to 22%). The most 
common experiences were decreased visual acuity, eye 
irritation, tearing, eye pain, visual disturbances and vi- 
sual loss. 


DISCUSSION 

No evidence was found to indicate an effect of lova- 
statin on the human crystalline lens after 48 weeks of 
treatment. Analyses of findings from lens examinations, 
visual acuity assessments and adverse experiences re- 
vealed no significant differences among the placebo and 
lovastatin treatment groups. The frequency of loss to 
follow-up was low (3%), similar among the treatment 
groups, and therefore unlikely to have obscured poten- 


TABLE VII Distribution of Posterior Subcapsular Opacity, 
Left Eye at Week 48* 


Posterior 
Subcapsular 
Opacity at 
Week 48 


Treatment Group—Lovastatin 


40 mg 20 mg 40 mg 
m bid bid 


20 mg 
Placebo q 


pm qp 
Patients with No Posterior Subcapsular Opacity at Baseline 


Absent 1,192 1,196 1,189 

(97.7) (97.0) 

Just visible 22 30 

(1.8) i (2.4) 

Minimal 4 5 

(0.3) ; (0.4) 

Moderate 2 2 

(0.2) $ (0.2) 

Advanced 0 
u 


0 0 0 0 
Patients with Any Posterior Subcapsular Opacity at Baseline 
22 27 


Absent 29 
Just visible 

Minimal 

Moderate 


Advanced 


* Patients with cataract extraction or aphakia are omitted. Numbers are patient 
counts with percentage in parentheses. No significant differences (p <0.05) were 
found in the distributions at week 48 for placebo and lovastatin-treated groups. 

bid = twice daily; qpm = once daily. 





TABLE VIII Distribution of Visual Acuity at Week 48 


Treatment Group—Lovastatin 
Visual 
Acuity at 20 mg 40 mg 20 mg 40 mg 
Week 48 Placebo qpm qpm bid bid 


Right Eye* 


999 1,037 1,020 
(75.3) (78.0) (76.7) 
255 267 269 

(20.1) 

19 

(1.4) 

4 

(0.3) 

16 

(1.2) 


20/20 


20/30 


20/40 
20/50 


20/60 or 
worse 


* p <0.05 for the differences in distributions at week 48 for the 40 qpm versus 20 
bid comparison; all others not significant. 

t p <0,05 for the differences in distributions at week 48 for the placebo versus 40 
bid comparison, with placebo having worse vision; all others not significant. 

bid = twice daily; apm = once daily. 
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TABLE IX incidence of Ophthalmologic Events and Adverse Experiences 


Treatment Group— Lovastatin 


Placebo 20 mg qpm 


40 mg qpm 20 mg bid 40 mg bid 


Number (percent of total) 


Cataract extraction 

22-line decrease in 
visual acuity with 
opacity progression 

Any ophthalmologic 
adverse experience 


7 (0.4) 
8 (0.5) 


2 (0.1) 
6 (0.4) 


317 (19.7) 333 (20.8) 


7 (0.4) 
4 (0.3) 


11 (0.7) 
6 (0.4) 


5 (0.3) 
6 (0.4) 


332 (20.8) 338 (21.0) 349 (21.7) 


No significant differences (p <0.05) were found in the incidence of adverse experiences for the placebo and lovastatin treatment groups. 


bid = twice daily; qpm = once daily. 


tial effects of lovastatin on the lens. Although these re- 
sults cannot exclude a potential effect of lovastatin on 
the lens with treatment longer than 48 weeks, they 
clearly demonstrate the absence of an early effect. Fur- 
thermore, patients studied for an average 3.6 years of 
treatment with lovastatin have also not shown an effect 
on the lens.!” 

This study has important qualitative and quantita- 
tive strengths that distinguish it from previously report- 
ed clinical trials of lovastatin concerning the lens.5-8 
These strengths comprise the use of a standardized sys- 
tem of known reliability for observing, grading and re- 
cording lens opacities during examination'®; a very large 
sample size for a prospective clinical trial (1,600+ pa- 
tients per group with quite similar characteristics at 
baseline); and a concurrent parallel placebo group. All 
of these allowed for the reliable detection of effects of 
smaller magnitude and lower frequency than was possi- 
ble in previous studies. Because of the large sample size 
and the multiplicity of comparisons, statistical signifi- 
cance for any comparison required a p value <0.01. 
However, for completeness and to emphasize the lack of 
any evidence of a treatment effect, findings from the 2 
comparisons with a nominal p value <0.05 have also 
been presented. Both comparisons involved visual acu- 
ity, and neither suggested an adverse effect of lova- 
statin. 

Whereas the classification system used in this study 
showed acceptable intraexaminer reliability for the ma- 
jor classes of opacity,'* it was not free of misclassifica- 
tion. This was evident from the proportion of patients 
found to have an opacity at baseline but none at week 
48. The great majority of these misclassifications are of 
1 grade magnitude,'* and a separate report!® of the 22 
grade changes found in this study also revealed no effect 
of lovastatin on the lens. 

The prevalence of lens opacity is known to be strong- 
ly correlated with age and other host and environmental 
factors.!9-*? The effect of aging over the course of this 
study can be prdicted from the age-specific increase in 
the prevalence of lens findings at baseline that was ob- 
served in this study and others.!° 

In conclusion, the results of this study indicate that 
treatment with lovastatin for 48 weeks is not associated 
with detectable changes in the human crystalline lens. 
This multicenter study, which enrolled 8,245 patients 


452 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 





and used a standardized and validated system to classify 
findings from biomicroscopic (slit-lamp) examinations, 
is the largest longitudinal study reported to date in the 
evaluation of the development and progression of lens 
opacity. 
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ADDENDUM 

At the conclusion of our primary study, a 48-week 
extension was undertaken for descriptive safety observa- 
tions. Nine hundred seventy-seven patients from 92 of 
the original 362 centers participated, with patients en- 
tering if they met target levels of low-density cholesterol 
control. Because of the low-density cholesterol criterion, 
only 47 of the 977 patients remained in the placebo 
group. The extension study has just ended. Although 
not susceptible to the same level of critical analysis as 
the primary study, nevertheless, the results are informa- 
tive. There was no material difference in the behavior of 
the treatment groups in the second year from that expe- 
rienced in the first year either for changes in the grad- 
ing of slit-lamp findings, visual acuity, or change in the 
number of adverse ophthalmic events. Taken together, 
these findings support the general conclusion made 
from the primary study that lovastatin gives no indica- 
tion of lens toxicity in clinical usage to date. 
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Effect of Left Ventricular Aneurysm on Risk of 


Sudden and Nonsudden Cardiac Death 





Constantine A. Hassapoyannes, MD, Leslie M. Stuck, MD, Carlton A. Hornung, PhD, MPH, 
Michael C. Berbin, BS, and Nancy C. Flowers, MD 


Although left ventricular (LV) aneurysm is associ- 


ated with increased mortality, its independent prog- 
nostic significance is controversial. To determine 
the effect of LV aneurysm on risk, 121 patients 
with healed myocardial infarction (MI), 55 mani- 
festing akinesia on ventriculography (MI group) 
and 66 with LV aneurysm characterized by diastol- 
ic deformity (eccentricity) and systolic dyskinesia 
(LV aneurysm group) were studied. At a mean fol- 
low-up of 5.7 years, there were 32 cardiac deaths 
(12 Mi vs 20 LV aneurysm), including 9 sudden 
deaths (1 Mi vs 8 LV aneurysm). Multivariate anal- 
ysis revealed decreasing ejection fraction to be the 
best predictor of total cardiac death, and revascu- 
larization to be protective. Nonsudden cardiac 
death was predicted by ejection fraction, absence 
of revascularization and right coronary artery dis- 
ease, whereas sudden cardiac death was predicted 
by LV aneurysm and the frequency of ventricular 
ectopic complexes on Holter monitoring. In the MI 
group, ejection fraction was the only significant 
predictor of total cardiac death and nonsudden car- 
diac death. In the LV aneurysm group, total cardiac 
death, as well as nonsudden cardiac death, were 
predicted by ejection fraction, ventricular tachycar- 
dia and right coronary artery disease, whereas ven- 
tricular tachycardia predicted sudden cardiac 
death. It is concluded that the risk profile for total 
cardiac death differs between LV aneurysm and MI 
patients, and that LV aneurysm constitutes an in- 
dependent predictor of late sudden cardiac death 
after MI. Moreover, on a substrate of LV aneu- 
rysm, the risk factors for sudden cardiac death and 
nonsudden cardiac death differ, with ventricular 
tachycardia being the sole predictor of sudden car- 
diac death. Furthermore, Holter monitoring is valu- 
able in identifying patients at persistent risk of sud- 
den cardiac death. 

(Am J Cardiol 1991;67:454-459) 
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mias, left ventricular (LV) dysfunction and car- 

diac and sudden cardiac mortality after myocar- 
dial infarction (MI) have been studied extensively,!~’ 
the prognostic significance of ventricular arrhythmias in 
relation to clinical, anatomic and hemodynamic charac- 
teristics on a substrate of LV aneurysm has not been 
addressed. Several studies have reported incidences of 
intractable LV failure, disabling angina and thrombo- 
embolism as high as 50%* and of malignant ventricular 
arrhythmias up to 22%?"!! with LV aneurysm. Clinical- 
anatomic correlations have shown an association be- 
tween ventricular tachycardia and endocardial fibro- 
elastosis of the aneurysmal sac,’ while septal location 
predicted recurrence of ventricular tachycardia.!° Al- 
though survival data indicate higher death rates among 
patients with LV aneurysm than among those with un- 
complicated MI, there is controversy about the indepen- 
dent effect of LV aneurysm on risk after adjustment for 
ejection fraction.'*-!> There are no data regarding dif- 
ferential predictive power, if any, of LV aneurysm on 
long-term survival and the incidence of sudden and non- 
sudden cardiac death. Our objective was to determine 
the effect of LV aneurysm on late sudden and nonsud- 
den cardiac death after MI and to identify respective 
risk potentiators in the presence and absence of LV an- 
eurysm. 


A Ithough the relations between ventricular arrhyth- 


METHODS 

This is an historical, and in part, truly prospective 
study, because the cohort had been identified by 1985, 
with follow-up extending through January 1989. All pa- 
tients with a diagnosis of LV aneurysm made during 
admission for evaluation of angina between 1977 and 
1985 were retrospectively identified through hospital 
records. LV aneurysm was defined as diastolic deformi- 
ty (eccentricity) and systolic dyskinesia. Sixty-six pa- 
tients met these criteria for LV aneurysm: 61 (92%) by 
contrast and 5 (8%) by nuclear ventriculography. Each 
patient had a history of at least 1 MI confirmed by Q 
waves >30 ms on the electrocardiogram or enzymatic 
elevation (creatine phosphokinase MB-subunit [CPK 
MB] 215 IU/liter) or fixed defect on thallium-201 
scintiscan, or all. An additional 55 patients admitted for 
evaluation of angina during the same period and mani- 
festing akinesia on ventriculography were randomly se- 
lected as the control group. The mean interval between 
MI and time of catheterization was 1.4 years, and the 
minimal interval was 1 month, except for 2 patients in 
the LV aneurysm group, in whom aneurysm was later 
confirmed by nuclear ventriculography. 


MI Group 


Aneurysm Group 


(n = 53) 


Mean age (yrs) 51 
35 (65) 
Mean follow-up (yrs) 7 

5 (9) 
21 (40) 
17 (32) 


Men /women (%) 


Congestive heart failure (%) 

Unstable angina (%) 

Hypertension (%) 

Angiographic data 
Left main coronary artery >50% (%) 
Right coronary artery >70% (%) 
Left anterior descending artery >70% (%) 


Left circumflex artery >70% (%) 
Ejection fraction (mean) 
Ventricular ectopic complexes /hour (mean) 40 


Ventricular ectopic complexes >10/hour (%) 
Complex forms (%) 
Pairs (%) 
Ventricular tachycardia* (%) 
Medications 
Beta blocker (%) 
Calcium antagonist (%) 
Nitrate (%) 
Diuretic (%) 
Digitalis (%) 
Antiarrhythmic (%) 


* >3 sequential ventricular ectopic complexes. 
MI = myocardial infarction; NS = difference not significant. 





Data obtained included demographic and pertinent 
clinical variables (Table I). At least one 24-hour Holter 
monitor recording was obtained on entry or at follow-up 
for 113 patients (93%), and an 8- or 12-hour Holter 
monitor or telemetry strips were obtained for the re- 
maining 8 (7%). Holter recordings obtained within 2 
weeks of an MI were excluded. When more than 1 
study was available, we used the 1 with the higher de- 
gree of ectopy. By means of cineventriculograms in the 
30° right and left anterior oblique positions or gated 
blood pool scintigrams in the anterior, left anterior 
oblique and lateral positions, or both, the left ventricle 
was divided into anterior-lateral, posterior-inferior and 
apical-septal segments, which were characterized as 
normokinetic, hypokinetic, akinetic or dyskinetic. The 
extent of coronary disease was coded by the vessel(s) 
involved and the degree of stenosis. 

The follow-up interval was defined as beginning on 
the date of the first MI and ending in January 1989, 
unless concluded earlier because of loss of contact or 
death. Information on follow-up events and outcome 
was obtained through outpatient visits, inpatient records 
and telecommunication with patients, family members 
or primary physicians. Noncardiac deaths were exclud- 
ed (2 per group). Fatal outcome was classified as sud- 
den cardiac death or nonsudden cardiac death. We de- 
fined as sudden, deaths that occurred within 1 hour of 
symptom onset. When acute MI or LV failure was the 
cause, death was not considered sudden, even if it oc- 
curred within 1 hour. 

Statistical analysis: The groups were compared us- 
ing Student’s ¢ test for continuous measures and chi- 
square for categorical variables. Survival analysis (Sta- 
tistical Package for the Social Sciences—X), logis- 
tic regression and the Cox proportional-hazards model 
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3 (6) 
31 (59) 
36 (68) 
29 (55) 
50% 


13 (25) 
15 (28) 
14 (26) 

7 (13) 


38 (72) 
30 (57) 
27 (51) 
8 (15) 
14 (26) 
9(17) 


19 (30) 


(Statistical Analysis Systems) were used to identify pre- 
dictors of total cardiac death (nonsudden plus sudden 
cardiac death), nonsudden and sudden cardiac death 
among the total population and within each group (MI 
and LV aneurysm). On the premise that risk factors 
and their respective operative mechanisms leading to 
sudden and nonsudden cardiac death may differ or be 
mutually exclusive or interfering, nonsudden cardiac 
deaths were censored from the analysis of sudden cardi- 
ac death and vice versa.” The null hypothesis was reject- 
ed for p <0.05, although in some instances p <0.10 was 
considered to be statistically significant owing to the rel- 
atively small sample size and the clinical relevance or 
importance of the predictor variable. 


RESULTS 

Clinical characteristics for both groups are com- 
pared in Table I. Age ranged from 21 to 80 years. 
There were no group differences in the prevalence of 
diabetes mellitus, and alcohol or tobacco use. Apical- 
septal was the predominant aneurysm location (apical- 
septal 91%, anterior-lateral 39%, posterior-inferior 
24%). 

Follow-up and outcome: Mean follow-up was simi- 
lar for both groups. Of 21 patients (12 MI vs 9 LV 
aneurysm) who had subsequent MI, 12 died (4 MI vs 8 
LV aneurysm). Of 25 patients (14 MI vs 11 LV aneu- 
rysm) who underwent revascularization (4 before and 
21 after the initial MI), 3 died (0 MI vs 3 LV aneu- 
rysm). Of 9 patients (14%) who had aneurysmectomy, 4 
died (44%), 1 suddenly (11%). Although the number of 
aneurysmectomy cases was too small to allow for mean- 
ingful comparison, this procedure tended not to protect 
against sudden or nonsudden cardiac death. Compared 
to the total population, the sudden cardiac death rate 
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TABLE Ill Incidence of Sudden, Nonsudden and Total Cardiac Death in Myocardial Infarction and Aneurysm Groups Compared to 
Total Population 


Total Population 
(n=117) 


Total cardiac 
death 

Nonsudden cardiac 
death 

Sudden cardiac 
death 


Abbreviations as in Table I. 


32/117 (27%) 
23/108 (21%) 


9 /94(10%) 





was significantly lower in the MI group and significant- 
ly higher in the LV aneurysm group (Table II). With 
either total or sudden cardiac death taken as end points, 
cumulative survival did not differ between the groups in 
the first 4 years (Figures 1 and 2). Survival curves di- 
verged thereafter, with cardiac and sudden cardiac mor- 
tality being higher with LV aneurysm. 

Univariate analysis: In the MI group, there were no 
differences in clinical characteristics between total car- 
diac death and survivors. However, the ejection fraction 
tended to be higher among survivors (p = 0.08). In this 
group, the only patient who died suddenly had 242 ven- 
tricular ectopic complexes per hour and an ejection 
fraction of 59%, compared to a mean of 43 ventricular 
ectopic complexes per hour and mean ejection fraction 
of 58% among survivors. In the LV aneurysm group, 
there were differences between survivors and nonsudden 
cardiac death in ejection fraction (p <0.05), incidence 
of ventricular tachycardia (23 sequential ectopic com- 
plexes, p <0.05), and between survivors and sudden car- 
diac death, there were differences in ventricular ectopic 
complexes per hour (p <0.05), incidence of ventricular 
tachycardia (p <0.05) and frequency of use of digitalis 
(p <0.05). 

Multivariate analysis: Multivariate logistic regres- 
sion identified predictors of total cardiac, nonsudden 
and sudden cardiac death for the total population, the 
MI group and the LV aneurysm group (Table III). De- 
creasing ejection fraction predicted nonsudden and total 
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FIGURE 1. Cumulative survival comparing aneurysm 
and myocardial infarction (MI) groups for total cardiac death 
(CD). 
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MI Group Aneurysm Group 
(n = 53) (n = 64) 
12/53 (23%) 20/64 (31%) 
NS NS 
11/52(21%) 12/56 (21%) 
NS NS 
1/42 (2%) 8/52 (15%) 
p <0.01 p <0.05 


cardiae death for all patients and the subgroups. It was, 
specifically, the most significant predictor of total cardi- 
ac death for all patients. However, it failed to predict 
sudden cardiac death for all patients or the subgroups. 
In contrast, LV aneurysm was the most significant pre- 
dictor of sudden cardiac death for all patients. Although 
ventricular tachycardia, by itself, predicted sudden car- 
diac death for the total population (p = 0.048), it was 
no longer significant after adjustment for LV aneurysm. 
In the LV aneurysm group, however, ventricular tachy- 
cardia was the sole predictor of sudden cardiac death. 
Revascularization conveyed a protective effect in re- 
lation to total cardiac and nonsudden cardiac death for 
the total population, but had no impact on sudden car- 
diac death. We further explored the protective effect of 
revascularization for nonsudden cardiac death by mak- 
ing a distinction between surgery before and surgery af- 
ter the first MI. Coronary artery bypass grafting contin- 
ued to be protective in a multiple logistic model, but 
could not be statistically confirmed to be related to the 
length of survival in a Cox proportional-hazards model. 


DISCUSSION 

Although radionuclide and _ cineventriculography 
have enabled antemortem recognition of LV aneurysm, 
no standard criteria exist for diagnosis. Anatomic aneu- 
rysm manifests itself as diastolic convex protrusion.!6 In 
systole, it may exhibit paradoxical motion (dyskinesia) 
or its diameter may not change (akinesia). Earlier, dys- 
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FIGURE 2. Cumulative percent survival comparing aneurysm 
and myocardial infarction (MI) groups for sudden cardiac 
death (SCD). 


TABLE Ill Predictors of Cardiac Death 


Predictor 


Odds 


Ratio p Value 


Total Population* (n = 117) 


Total cardiac death 


(n= 32/117) Revascularization 


Sudden cardiac death 
(n=9/94) 


LV aneurysm 
Ventricular ectopic complexes /hourt + 


Nonsudden cardiac death 


(n = 23/108) Revascularization 


Decreasing ejection fractiont 


Decreasing ejection fraction 


Right coronary artery stenosis >70% 


Total cardiac death 
(n = 20/64) 


Ventricular tachycardia 
Decreasing ejection fraction 


Right coronary artery stenosis >70% 


Sudden cardiac death 
(n=8/52) 


Nonsudden cardiac death 
(n= 12/56) 


Ventricular tachycardia 


Ventricular tachycardia 
Decreasing ejection fraction 


Right coronary artery stenosis >70% 


MI Group (n = 53) 


Total cardiac death 
(n=12/53) 

Nonsudden cardiac death 
(n=11/52) 


* Excluding 2 noncardiac deaths in each group. 


Decreasing ejection fraction 


Decreasing ejection fraction 


t The risk of mortality increases with each percent point decrease in ejection fraction. An odds ratio of 1.05 indicates a 5% increase in risk for each 1% decrease in ejection 
fraction, whereas an odds ratio of 1.08 indicates an 8% increase in risk per 1% decrease in ejection fraction. 
t In cases where the number of complexes was 0, the natural log of the number was set to equal 0. 
: No revascularized patient had nonsudden death, thereby making the odds ratio nonestimable (N.E.). 
Í Determined by comparing the log likelihood ratios of models with and without the revascularization predictor. 
Predictors approaching the 0.05 significance level were included when odds ratios were large or clinically significant. 


LV = left ventricular; MI = myocardial infarction. 


kinesia without diastolic deformity (functional aneu- 
rysm) was considered sufficient for diagnosis.'?:'7? More 
recently, diastolic deformity was added as a prerequisite 
for LV aneurysm.!2:!4 In the absence of anatomic aneu- 
rysm, differentiation between dyskinesia and akinesia 
can be made by graphic analysis, although several fac- 
tors, including the contractile status of the adjacent 
myocardium!’ and possible change in heart position be- 
tween diastole and systole, may mask the presence of or 
simulate dyskinesia. For this reason, our study excluded 
patients manifesting functional aneurysm alone. Fur- 
thermore, we did not encounter any cases of anatomic 
aneurysm without dyskinesia. Meizlish et al!> added 
“normal adjacent myocardium” as a third criterion, 
with probable increase in specificity. However, Alex- 
opoulos et al!? observed that the addition of “normal 
adjacent myocardium” decreased the sensitivity in iden- 
tifying aneurysm in patients with a recent anterior MI. 

Although increased cardiac mortality is recognized, 
it is unclear whether LV aneurysm constitutes an inde- 
pendent risk, or whether death rate is solely a function 
of ejection fraction and other variables conveying risk 
after MI. Using an impressively large cohort from the 
Coronary Artery Surgery Study registry, Faxon et al!4 
showed that the 5-year mortality from LV aneurysm 
exceeded that of the control group, but the difference 
was negligible with adjustment for ejection fraction. 
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Unfortunately, their control group was quite heteroge- 
neous; only 50% had a prior infarction, and the criterion 
for entry was defined as 250% narrowing of the lumi- 
nal diameter of any major coronary arterial segment. 
At follow-up of 2 groups manifesting akinesia or dyski- 
nesia, Cohen and Vogel!? also found no difference in 
death rate at 3 years from the date of cardiac catheter- 
ization. However, Meizlish et al!> observed that the ear- 
ly, as well as 1-year, post-MI mortality was significantly 
higher in patients with aneurysm than in those without. 
The contrast between these studies!?-!5 is striking and 
may be explained, at least in part, by differences in de- 
sign. Given the prevalence of low ejection fraction in 
aneurysm, and the colinearity between low ejection 
fraction and aneurysm, use of a control group with a 
high mean ejection fraction could add substantial bias. 
In the population of Faxon et al, 74% of the control, 
compared to 32% of the aneurysm group, had an ejec- 
tion fraction >50%, whereas in the Meizlish cohort the 
mean ejection fraction was 30% and did not differ be- 
tween the aneurysm and MI groups. In the Faxon and 
Cohen reports, the MI was remote, and survival was 
referenced to the time of cardiac catheterization, where- 
as the study of Meizlish et al!> was truly prospective, 
with follow-up starting not later than 48 hours after the 
initial anterior MI. In the latter study, although aneu- 
rysm was diagnosed in only 35% of 51 patients, despite 
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extensive necrosis as suggested by the total population’s 
mean creatine phosphokinase MB-subunit of 250 IU/ 
liter and very low ejection fraction, the 1-year mortality 
among these patients was 61%. Thus, aside from losses 
and gains in regard to sensitivity and specificity for an- 
eurysm, Meizlish et al! were successful in identifying a 
high-risk population. Our cohort was identified from 
cardiac catheterization records and excluded patients 
not surviving long enough to undergo catheterization or 
those who were asymptomatic after the initial event. 
Survival length was measured from the time of the ini- 
tial MI. In accordance with Faxon et al,!4 we showed 
decreasing ejection fraction to be an independent pre- 
dictor of total cardiac death and nonsudden cardiac 
death in the total population and in stratified analysis 
for both the LV aneurysm and the MI groups (Table 
III). In contrast, ejection fraction did not predict sudden 
cardiac death in the total population or in the LV aneu- 
rysm group, which suggests that in the presence of LV 
aneurysm the predictive features of sudden cardiac 
death and nonsudden cardiac death differ (Table III). 
The incidence rate of cardiac death and nonsudden 
cardiac death did not differ between the total popula- 
tion and the MI and LV aneurysm subgroups. In con- 
trast, the incidence of sudden cardiac death was low 
with uncomplicated MI and high with LV aneurysm 
(Table II). The low rate of late sudden cardiac death in 
the MI group agrees with that of previous reports by 
Mukharji et al,> whose MILIS Study Group found the 
overall incidence of sudden cardiac death to be 1.4% 
after 6 months, whereas Moss et al!® observed that sud- 
den cardiac death predominates in the first 6 to 8 
months after MI. However, our finding that /ate sudden 
cardiac death represented 40% of cardiac deaths in the 
LV aneurysm group, and that its incidence was eight- 
fold higher than in the MI group, is striking and previ- 
ously unreported. Meizlish et al! noted a. tendency 
toward a higher rate of early sudden cardiac death in 
LV aneurysm, whereas the study of Faxon et al!* 
showed no difference. However, 250% of the control 
group in the Faxon study had significant coronary ar- 
tery disease without previous MI and thus a potentially 
ischemic and electrically unstable myocardium. 
Several studies showed ventricular ectopy to be an 
independent predictor of total cardiac death*!?° and 
sudden cardiac death? after MI. Others suggested that 
the effect of ventricular arrhythmias on risk is over- 
whelmed by indexes of LV function and functional im- 
pairment due to congestive heart failure.’ In our study, 
of the 17 patients who exhibited ventricular tachycardia 
in both groups, 47% had cardiac death, 29% nonsudden 
cardiac death and 18% sudden cardiac death. Of the 10 
patients with ventricular tachycardia in the LV aneu- 
rysm group, 70% had cardiac death, 40% nonsudden 
cardiac death and 30% sudden cardiac death. Multivari- 
ate analysis showed that ventricular tachycardia was 
powerful in predicting total cardiac death, nonsudden 
cardiac death and sudden cardiac death in LV aneu- 
rysm, and that it was specifically the sole predictor of 
sudden cardiac death in this group (Table II). The 
ability of ventricular tachycardia to predict all forms of 
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cardiac death in the LV aneurysm group supports the 
thesis that an association exists between ventricular 
tachyeardia and LV dysfunction.’ In addition, the in- 
ability of ejection fraction to predict sudden cardiac 
death and the power of ventricular tachycardia to be the 
sole predictor of sudden cardiac death in LV aneurysm 
strongly suggests specific relations among ventricular 
arrhythmias, LV aneurysm and sudden cardiac death. 
The finding that ventricular tachycardia was not an in- 
dependent risk factor of sudden cardiac death in the to- 
tal population is at least partly due to the fact that 89% 
of sudden cardiac death occurred in patients with LV 
aneurysm, which overwhelmed other risks for sudden 
cardiac death. Furthermore, the finding that the num- 
ber of ventricular ectopic complexes per hour was a pre- 
dictor, albeit weak, of sudden cardiac death for the total 
population is in accordance with the findings of Bigger 
and Weld?! and suggests that the frequency of ventricu- 
lar extrasystoles contributes significant additional risk 
for death even in the 3 highest Lown grades. Use of 
digitalis was much more frequent among sudden cardi- 
ac deaths than among survivors in the LV aneurysm 
group (63 vs 23%, p <0.05), whereas the prevalence of 
congestive heart failure and the mean ejection fraction 
did not differ. Thus, although digitalis did not indepen- 
dently predict sudden cardiac death, its possible contri- 
bution to fatal arrhythmias cannot be excluded. 

Limitations of 24-hour Holter monitoring due to 
therapeutic intervention and biologic or spontaneous 
variation were inevitable,*? even though in several pa- 
tients more than 1 study was available. This may ex- 
plain the very low sensitivity of ventricular tachycardia 
in identifying patients who subsequently sustained car- 
diac death (8.3%), nonsudden cardiac death (9%) and 
sudden cardiac death (0%) in the MI group. However, 
although the incidence of ventricular tachycardia was 
similar in the 2 groups (Table I), a fourfold or higher 
sensitivity of ventricular tachycardia in identifying pa- 
tients who subsequently had cardiac death (35%), non- 
sudden cardiac death (33%) and sudden cardiac death 
(38%) was observed in the LV aneurysm group, which 
suggests that the influence of these variations is less im- 
portant in the presence of LV aneurysm. Furthermore, 
the specificity of ventricular tachycardia in identifying 
patients at risk for late death in the LV aneurysm group 
was extremely high (93%). 

Finally, our finding that right coronary artery dis- 
ease is a predictor of nonsudden cardiac death in the 
LV aneurysm group may reflect more myocardium in 
jeopardy, because the majority of patients also had left 
anterior descending artery disease. This is consistent 
with the report by Schulman et al, who found that 
right coronary artery plus left anterior descending ar- 
tery stenoses >70% predicted poor outcome. 

Censoring of nonsudden cardiac deaths from the 
analysis of sudden cardiac death and vice versa enabled 
the detection of differences in risk factor profiles be- 
tween these types of death in patients with LV aneu- 
rysm and uncomplicated MI. Although ventricular ar- 
rhythmias are a nonspecific manifestation of LV dys- 
function after uncomplicated MI, specific relations do 


exist among LV aneurysm, malignant arrhythmias and 
sudden cardiac death. 

In summary, the risk of Jate sudden cardiac death is 
small after uncomplicated MI, but significant in the 
presence of LV aneurysm. With or without LV aneu- 
rysm, the ejection fraction predicts late nonsudden car- 
diac death, but fails to predict sudden cardiac death. In 
the presence of LV aneurysm, ventricular tachycardia is 
the sole predictor of late sudden cardiac death. Given 
the high specificity of ventricular tachycardia in identi- 
fying subsequent cardiac deaths in patients with LV an- 
eurysm and the persistent risk of sudden cardiac death, 
24-hour Holter monitoring is valuable for risk stratifica- 
tion, treatment and long-term follow-up in this sub- 
group of post-MI patients. 
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Angiographic Morphology in Unstable Angina 
and Its Relation to Transient Myocardial 
Ischemia and Hospital Outcome 
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Filippo Ottani, MD, Antongiulio Muzi, MD, and Paolo Puddu, MD 


Complex stenosis morphology frequently occurs in 
patients with unstable angina pectoris. However, 
its relation to transient myocardial ischemia and 
hospital outcome has not been ascertained. To ad- 
dress this issue, 88 patients with significant 
(250%) coronary artery disease presenting with 
angina—new onset (n = 38), worsening (n = 20) or 
at rest (n = 30)—-were studied. Patients with left 
main artery disease, normal coronary arteries or 
occlusion of the ischemia-related arteries were not 
included in the study. Continuous electrocardio- 
graphic recordings were obtained during the first 
24 hours. Angiography was performed within 1 
week from admission. Complex morphology was 
defined as any stenosis with irregular borders, 
overhanging edges or intracoronary thrombus. 
Only data referring to the in-hospital outcome were 
considered in this study. Adverse end points were 
sudden death, myocardial infarction and emergency 
revascularization. Analysis of the angiograms re- 
vealed a complex morphology in 58 patients (group 
1). The remaining 30 patients served as control 
subjects (group 2). Thirty-two of the 58 group 1 
patients had an unfavorable clinical outcome (posi- 
tive predictive value, 55%). A similar outcome oc- 
curred in only 2 of the 30 group 2 patients (nega- 
tive predictive value, 93%). Of the 32 group 1 pa- 
tients who had an unfavorable clinical outcome, 29 
had a cumulative duration of transient myocardial 
ischemia of >60 minutes per 24 hours. A similar 
duration of ischemia, however, was observed in an- 
other 6 group 1 and in 8 group 2 patients. Thus, 
association of complex coronary morphology with 
sustained (>60 minutes per 24 hours) myocardial 
ischemia is highly predictive of subsequent coro- 
nary events (positive and negative predictive value, 
83 and 91%, respectively), compared with the ab- 
sence of 1 or both findings. 

(Am J Cardiol 1991;67:460-—464) 
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substantial percentage of patients, ranging from 

12 to 30% in most series, develops acute myo- 
cardial infarction or dies suddenly soon after their hos- 
pitalization, while the remainder have a benign progno- 
sis without adverse coronary events.' Considerable ef- 
forts are therefore under way to separate patients into a 
manageable number of meaningful subgroups based on 
the severity of the disease, which would facilitate the 
choice of appropriate diagnostic measures and thera- 
peutic options for individual patients. Recent evidence 
indicates that angiography reveals in many patients 
with an unfavorable clinical outcome an eccentric and 
irregular coronary stenosis? often associated with filling 
defects because of intraluminal thrombi.* However, the 
prognostic significance of these findings is still uncer- 
tain; hence, the decision process concerning the use of 
emergency coronary angiography and revascularization 
in the overall population of patients presenting with un- 
stable angina remains controversial.°.° The purpose of 
the present study was twofold: first, to assess prospec- 
tively the immediate in-hospital morbidity and mortali- 
ty in patients with unstable angina as well as document- 
ed coronary morphology; second, to identify the histori- 
cal, clinical and electrocardiographic correlates of each 
possible angiographic finding that could indicate a high 
risk of impending myocardial infarction and death and 
hence the need for ongoing emergency coronary angiog- 
raphy and revascularization. 


ll Jester angina is an inhomogeneous syndrome. A 


METHODS 

We prospectively studied 116 patients admitted to 
our coronary care unit from November 1986 to July 
1989 with unstable angina, defined as: (1) new onset 
(within 1 month); (2) worsening (progressive effort an- 
gina sufficiently severe to warrant hospital admission); 
(3) at rest (including prolonged chest pain). Criteria for 
exclusion from the study were: age >75 years, uninter- 
pretable electrocardiogram, adverse outcome owing to 
concomitant nonmyocardial diseases, severe heart fail- 
ure, and absence of ST-T changes during chest pain. 
Patients who developed an acute myocardial infarction 
in the first 24 hours were not enrolled in the study. All 
patients were initially treated with a standard medical 
regimen: intravenous nitroglycerin (10 to 40 ug/min), 
oral calcium antagonists (verapamil 240 to 360 mg/ 
day), 8 blockers (propranolol 60 to 240 mg/day), and 
oral aspirin (325 mg/day). Also, 0.5 mg of intravenous 
nitroglycerin or 5 mg of sublingual isosorbide dinitrate 


were used as required. None of the patients had brady- 
cardia or ventricular dysfunction during medical thera- 
py. 
Holter and creatine kinase monitoring: Continuous 
2-channel electrocardiographic monitoring was per- 
formed in the coronary care unit during the first 24 
hours of medical therapy (Applied Cardiac System 
8300 frequency-modulated recorders; frequency re- 
sponse 0.05 to 100 Hz). The 2 leads showing the most 
pronounced reversible ischemic changes on the initial 
qualifying 12-lead electrocardiogram were selected for 
analysis. Recordings were printed in a minielectrocar- 
diogram format by a Telemed Saturn 3200 analyzer. 
Holters were read by investigators blinded to the clini- 
cal data. Only episodes lasting >60 seconds and with 
20.15 mV of ST-segment shift were considered for ana- 
lytic purposes. The number and duration of symptomat- 
ic ischemic episodes were recorded in angina diaries. All 
recordings were performed while patients were resting 
in bed. Serial plasma creatine kinase and its MB isoen- 
zyme estimations were performed every 4 hours for 
224 hours. Acute myocardial infarction was diagnosed 
if the serial enzyme measurements showed an elevation 
of creatine kinase >2 times normal with MB fraction 
>6%. 

Coronary angiography: Within | week from admis- 
sion (range 4 to 7 days), all patients underwent left- 
sided cardiac catheterization, which was performed 
with standard catheters and techniques. Each coronary 
artery was selectively viewed in 22 projections. Quanti- 
tative and qualitative analyses of the end-diastolic cine 
frames were performed by 2 teams, each comprising 2 
observers experienced in angiographic interpretation 
and blinded to the clinical data. Differences were medi- 
ated by consensus. A stenosis 250% was considered sig- 
nificant. Complex angiographic morphology was de- 
fined as any significant asymmetric stenosis with irregu- 
lar borders or overhanging edges or intraluminal 
thrombus (Figure 1). Correlation between electrocar- 
diographic changes during angina and coronary anato- 
my at angiography has been described elsewhere.’ 
When recognition of the ischemia-related stenosis was 
uncertain, the most severe narrowing of the artery was 
chosen for analysis. Patients with coronary occlusion of 
the ischemia-related artery or with normal coronary 
arteries, in whom morphology could not be assessed, 
were excluded from angiographic evaluation. Patients 
presenting with significant left main coronary artery 
disease were also excluded from the study, because their 
prognosis is well established and does not require fur- 
ther investigation. 

Follow-up and prognostic end points: Only data re- 
ferring to the in-hospital outcome were considered for 
this study. Cardiac events were defined as cardiac 
death, myocardial infarction or emergency revascular- 
ization, i.e., either coronary artery bypass surgery or 
percutaneous transluminal coronary angioplasty. The 
decision to perform emergency revascularization in the 
absence of significant left main coronary artery disease 
was made according to protocol on the basis of the pa- 
tient’s symptomatic behavior. Emergency revasculariza- 
tion required (1) recurrent (>3 times per day) chest 
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pain with accompanying electrocardiographic changes 
of ischemia despite complete bedrest and medical regi- 
men for 22 days after the first 24 hours in the hospital, 
and (2) suitable as well as severe (stenosis >70%) coro- 
nary artery disease. 

Statistical analysis: We analyzed both quantitative 
and qualitative features. The former were expressed as 
mean + standard deviation and comparisons were made 
by Student’s ¢ test for unpaired data. The latter were 
expressed as percentages and for statistical inference 
were arranged in 2 X 2 contingency tables, and chi- 
square with Yates correction method was used. The 
Fisher exact test was also applied when appropriate. A 
p value <0.05 was considered statistically significant. 


RESULTS 

Coronary arteriographic findings: Coronary angiog- 
raphy was suitable for qualitative analysis of the steno- 
sis in 88 of the 116 patients. Twenty-eight patients were 
excluded: 7 had normal coronary arteries, 4 had a total 
occlusion of the ischemia-related artery, 5 presented sig- 
nificant left main artery disease, and the ischemia-relat- 
ed artery was not detectable in 12. Coronary lesions 
were morphologically classified using the criteria of 
Ambrose et al.? Coronary stenosis was concentric in 9 
patients (10%), eccentric with smooth borders and a 
broad neck (type 1) in 17 (19%), and eccentric with 
irregular borders or overhanging edges (type 2) in 58 
(66%); 4 patients (5%) had multiple irregularities. Evi- 
dence of coronary thrombus by angiographic criteria’ 
was found in 19 patients (22%); all had a type 2 steno- 
sis. The 58 patients with type 2 stenosis or thrombus, or 
both, were considered to have “complex morphology” 
(group 1). The remaining 30 patients served as control 
subjects (group 2). Extension of coronary artery disease 
was expressed by the number of arteries with stenosis 
>50%. No differences were found between the 2 groups 
(Table I), with the exception of the mean coronary nar- 





FIGURE 1. Complex coronary stenosis in a patient with unsta- 
ble angina. A large thrombus adherent to an eccentric stenosis 
with irregular borders can be seen in the circumflex branch of 
the left coronary artery. 
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TABLE I Patients with Unstable Angina Pectoris With and Without Complex Coronary Morphology 


Complex Morphology 


p Value 


Angiographic Data 


Mean % IRA stenosis 

CA with narrowing >50% 
One-vessel CAD (%) 
Two-vessel CAD (%) 
Three-vessel CAD (%) 
Ejection fraction (mean %) 


Clinical Data at Admission 


Age (yr) 
Gender (male %) 
Previous history of CAD (%) 
Pattern of pain at 
presentation (%) 
Recent onset angina 
Worsening angina 
Rest angina 
Postinfarction angina 
In-hospital therapy 
IV nitroglycerin (ug /min) 
Propranolol (mg/day) 
Verapamil (mg/day) 
Aspirin (mg/day) 


In-Hospital Electrocardiographic Data 


Pain during ECG monitoring (%) 47 (81) 

ST shift (%) 
ST elevation 
ST depression 
Both 

Duration of TMI 
at admission (min /24 hrs) 84+ 59 


In-Hospital Adverse Cardiac Events 


Total events (%) 32 (55) 
Major coronary events (%) 10(17) 











24 (41) 
25 (43) 
9(15) 





PTCA 7 (12) 


Nonfatal AMI 6 (10) 
hg Cardiac death 4(7) 
$6 Emergency revascularization (%) 22 (38) 
a CABG 15 (26) 
ET 

f 


AMI = acute myocardial infarction; CA = coronary arteries; CABG = coronary artery bypass graft; CAD = coronary artery disease; ECG = electrocardiographic; IRA = ischemia-re- 
lated artery; IV = intravenous; PTCA = percutaneous transluminal coronary angioplasty; TMI = transient myocardial ischemia. 





rowing of the ischemia-related artery, which was seen to tive duration of ischemia over 24 hours was consistently 





be greater in group 1 than in group 2. 

Relation between angiographic morphology and 
clinical features: The clinical characteristics of the 88 
patients comprising the study population are listed in 
Table I. Eighteen patients (31%) in group 1 had a histo- 
ry of postinfarction angina; only 2 group 2 patients had 
such a history (Table I). The pattern of pain at presen- 
tation also differed between the 2 groups. Most patients 
in group 1 had pain at rest, but significantly fewer pa- 
tients in group 1 had a history of progressive effort pain. 
Holter monitoring analysis (Table I) revealed reversible 
ST-T-segment changes documented at admission in 
100% of group 1 and 90% of group 2 patients. More 
group 1 than group 2 patients presented with pain dur- 
ing electrocardiographic monitoring. Also, the cumula- 


462 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 


greater in group 1 than in group 2 patients (84 + 59 vs 
37 + 27 min, p <0.001). Thirty-five patients in group 1 
(60%) and 8 patients in group 2 (27%) had a cumula- 
tive transient ischemia duration of 260 minutes per 24 
hours after admission (p <0.01). Clinical outcomes are 
summarized in Table I. Before hospital discharge, 6 pa- 
tients had a nonfatal myocardial infarction (all in group 
1) and 4 died (all in group 1), 1 from myocardial infarc- 
tion and 3 suddenly. Emergency coronary revasculariza- 
tion was performed in 24 patients (22 group 1 and 2 
group 2 patients). Overall, adverse coronary events oc- 
curred in 55% of group 1 versus 7% of group 2 patients. 

Clinical and angiographic predictors of adverse 
clinical outcome: Thirty-two of the 58 group 1 patients 
had an unfavorable clinical outcome (positive predictive 


t 


TABLE Il Clinical and Angiographic Predictors of In-Hospital Adverse Cardiac Events 


Complex 
Morphology 


Sensitivity (%) 


Specificity (%) 
Positive predictive 
value (%) 
Negative predictive 
value (%) 
Accuracy (%) 





TMI (260 min/24 hrs) + 


Complex Morphology p Value 


TMI = transient myocardial ischemia. 


value, 55%). Subsequent adverse coronary events oc- 
curred in only 2 of the 30 group 2 patients (negative 
predictive value, 94%). Twenty-nine of the 32 group 1 
patients (91%) who had an unfavorable clinical out- 
come had a cumulative duration of ischemia 260 min- 
utes per 24 hours (Figure 2). A similar duration of isch- 
emia, however, was also observed in 13 other patients 
who later had a good prognosis (6 group | and 7 group 
2 patients) and in 1 more patient (group 2) who had 
subsequent coronary events. Thus, association of sus- 
tained myocardial ischemia (260 minutes per 24 hours) 
with complex morphology was a better predictor of sub- 
sequent coronary events (positive and negative predic- 
tive value, 83% and 91%, respectively), compared to the 
absence of 1 or both findings (Table II). 


DISCUSSION 

Our data are of practical importance in the manage- 
ment of unstable angina. First, they provide further con- 
firmation>© that coronary stenosis with complex mor- 
phology are frequently found in patients (66%) referred 
to the coronary care unit because of chest pain. Second, 
they indicate that such coronary lesions are really “isch- 
emia producing,” as they are often associated with a 
greater extent (260 minutes per 24 hours) of ST-seg- 
ment shifts. Third, there is a strict relation between the 
occurrence of such angiographic and electrocardio- 
graphic features, and early clinical outcome. Associa- 
tion of sustained myocardial ischemia, despite medical 
therapy, with complex stenosis morphology is highly 
predictive of subsequent coronary events, compared to 
the absence of 1 or both findings. 

Prognostic significance of coronary morphology: 
Our results are comparable to those reported in recent 
studies, and demonstrate that the need for urgent re- 
vascularization prompted by recurrent symptoms, or the 
occurrence of in-hospital cardiac events (sudden death 
or myocardial infarction), is often (94%) associated 
with a complex morphology stenosis of the ischemia- 
related artery, if such patients have either high-grade 
multivessel disease or minimal coronary artery disease. 
The same angiographic finding, however, can be found 
in a substantial portion (45%) of patients with a good 
clinical outcome. This may cause uncertainty as to how 
to establish risk adequately, and arouses concern as to 
whether all patients with documented complex coronary 
morphology should undergo emergency coronary bypass 
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surgery or angioplasty. These procedures have been 
shown to have a higher rate of major complications, 
compared to that detectable during elective coronary re- 
vascularization.®:” 

Relation between angiographic morphology and ex- 
tent of myocardial ischemia: The fact that patients with 
persistent angina refractory to medical treatment form 
a high-risk group is well established.'? Other studies in- 
dicate that the elimination of symptoms alone may not 
ensure a favorable outcome!!:!? and demonstrate that 
an arbitrary classification of silent ischemia 260 min- 
utes per 24 hours in duration, as detectable in the first 
24 to 48 hours of intensive medical therapy, is associ- 
ated with an unfavorable early prognosis.!? The signifi- 
cance of ST-segment shift with respect to coronary 
anatomy and in-hospital outcome was also evaluated in 
a recent study, which showed that the duration of isch- 
emia was greater in patients with an unfavorable out- 
come, multivessel disease and left main artery steno- 
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COMPLEX MORPHOLOGY 


FIGURE 2. Relations among complex stenosis morphology, 
transient myocardial ischemia (TMI), and in-hospital outcome 
in patients with unstable angina. Concurrency of complex ste- 
nosis morphology with TMI >60 minutes per 24 hours is 
highly predictive of subsequent adverse coronary events. 
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sis.'4 In the present study, however, the use of electro- 
cardiographic monitoring does not completely fulfill the 
criteria to prospectively establish a modeling strategy 
for emergency revascularization. This requires a high 
methodologic sensitivity and specificity. The latter, con- 
versely, is relatively low, because a cumulative duration 
of ischemia 260 minutes in the first 24 hours from ad- 
mission was detectable in numerous patients (13 of 54) 
who later had a good prognosis. Data from Holter mon- 
itoring can, however, stratify patients if combined with 
those obtained by coronary angiography. Accordingly, 
the results of statistical analysis indicate that the associ- 
ation of persistent (260 minutes per 24 hours) myocar- 
dial ischemia, despite medical treatment, with complex 
stenosis morphology was highly predictive of subsequent 
coronary events; thus, this association is potentially suit- 
able as a guideline for emergency revascularization. 
This is well illustrated by the following data: The posi- 
tive and negative predictive values of this association be- 
tween findings were 83 and 91%, respectively. Sensitiv- 
ity was 85 and specificity 89%. Also, the incidence of 
false positive results was extremely low (6 patients, 7%) 
if compared to that calculated in the absence of 1 of 
such findings (17 and 26 patients, 19 and 30%). Also, 
the cost of missed patients (i.e., false-negative results) 
does not seem to be relevant (5 patients, 6%). 
Pathogenetic and clinical implications: It is conceiv- 
able that the impact of these 2 features (i.e., complex 
stenosis morphology and persistent myocardial isch- 
emia) on prognosis may be additive, because one could 
define an initiating mechanism (i.e., plaque disrup- 
tion),'° and the other the result of its interaction with 
concurrent precipitating factors underlying rapid plaque 
progression toward coronary occlusion. This is in keep- 
ing with the observation that the ultimate fate of plaque 
rupture seems to depend on many variables, such as the 
degree of the preexisting chronic obstruction, the devel- 
opment of a local coronary vasoreactivity,'® and the ex- 
tent of intracoronary thrombosis.'’? Thrombus forma- 
tion has been found to be a dynamic process in which it 
waxes and wanes in size over hours and days,!8 which 
may itself explain different degrees of coronary suboc- 
clusion and related ischemia. Accordingly, a combina- 
tion of qualitative anatomic findings and electrocardio- 
graphic data on ischemia seems to provide a potent 
method to assess risks in patients with unstable angina. 
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Anginal Symptoms Without Ischemic 

Electrocardiographic Changes During 

Ambulatory Monitoring in Men With 
Coronary Artery Disease 


Dirk Hausmann, MD, Peter Nikutta, MD, Werner G. Daniel, MD, 
Paul Wenzlaff, and Paul R. Lichtlen, MD 


Episodes of angina pectoris without electrocardio- 
graphic (ECG) signs of myocardial ischemia during 
24-hour ambulatory monitoring were studied in 
128 patients with a history of stable angina, angio- 
graphically proven coronary artery disease and 
positive exercise test results. In all, 341 episodes 
of ischemic ECG changes (ST-segment depression 
>1 mm for >1 minute) and 190 episodes of angina 
pectoris were observed: 86 episodes consisted of 
both ECG changes and angina pectoris, 255 epi- 
sodes consisted only of ECG changes, and 104 epi- 
sodes only of angina pectoris. Duration and magni- 
tude of ST-segment deviation and heart rate at the 
onset of ischemia were similar in the 86 symptom- 
atic and the 255 asymptomatic episodes with ECG 
changes. 

The 104 episodes of angina pectoris without 
ECG changes were detected in 44 patients (34%) 
(group A); 29 of them had only episodes with angi- 
na pectoris and 15 patients had both—episodes of 
angina pectoris with and without ECG changes. In 
84 patients (66%) (group B) angina pectoris with- 
out ECG changes was not observed; all episodes 
were accompanied by ischemic ECG changes in 
these patients. No differences in the angiographic 
extent of coronary artery disease and in exercise 
test data were seen in both groups A and B; how- 
ever, maximal ST-segment depression during exer- 
cise testing was significantly greater in group B 
than in group A patients (2.4 + 0.8 mm vs 1.9 + 
0.9 mm; p <0.05). 

it is concluded that in patients with stable angi- 
na pectoris and positive exercise test results, angi- 
nal episodes can occur in the absence of ischemic 
ECG changes during ambulatory monitoring; in pa- 
tients having episodes with ECG changes during 
ambulatory monitoring, angina without ECG 
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changes most probably is ischemic in origin and 
should be included when estimating the extent of 
myocardial ischemia. 

(Am J Cardiol 1991;67:465-—469) 


widely used in evaluating spontaneous ischemic 
episodes during the patient’s daily activities.'~> 

Assessment of “total ischemic burden” 4 by this tech- 
nique has been applied to predict prognosis°~’ and to 
study the effect of antiischemic drug treatment.*.” 

However, compared with other techniques used to 
diagnose ischemia such as thallium stress scintigra- 
phy,!°!! radionuclide ventriculography!* or positron 
emission tomography,!? the electrocardiogram proved to 
have a relatively low sensitivity. This is especially true 
for stress electrocardiography in which ST-segment de- 
pression is known as an equivalent occurring late in the 
evolution of ischemia.'* Episodes of myocardial isch- 
emia may also be missed during ambulatory electrocar- 
diographic (ECG) monitoring in the presence of typical 
anginal pain; this phenomenon, however, has not been 
described before.!-2-15 

We therefore studied the relation between anginal 
pain and ischemic ECG changes during ambulatory 
monitoring in patients with stable angina pectoris, angi- 
ographically proven coronary artery disease and positive 
exercise test results. 


A mbulatory monitoring of the electrocardiogram is 


METHODS 

Study group: A total of 128 men (mean age + stan- 
dard deviation 57 + 8 years, range 32 to 81) were en- 
tered in this study. The following selection criteria had 
to be fulfilled: (1) presence of chronic stable angina pec- 
toris for >3 months, (2) horizontal or downsloping ST- 
segment depression 21 mm during maximal exercise 
stress testing (according to age and sex), (3) angio- 
graphic evidence of >70% stenosis in at least 1 major 
coronary branch or >50% stenosis of the left main coro- 
nary artery, (4) normal ST segments in the electrocar- 
diogram at rest (12 leads, CM3 and CMS leads) and 
during postural changes, and (5) 21 episode of isch- 
emic ECG changes or 21 episode of typical angina pec- 
toris during 24-hour ambulatory monitoring. Patients 
receiving digitalis or antiarrhythmic drugs and patients 
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with left ventricular hypertrophy, cardiomyopathy, 
rheumatic valve disease, bypass grafts, prior coronary 
angioplasty or conduction abnormalities were excluded. 
Thirty-two of the 128 patients (25%) received antiangi- 
nal drug therapy (calcium antagonists or long-acting ni- 
trates, or both) during the study; no patient was treated 
with 6-blocking agents. 

Cardiac catheterization: All patients underwent 
right- and left-sided cardiac catheterization and coro- 
nary and left ventricular angiography within 1 week of 
ambulatory monitoring. The degree of coronary artery 
lesions was estimated from several standard and half- 
axial projections. Stenoses with a reduction of >70% in 
luminal diameter (>50% in the left main coronary ar- 
tery) were considered clinically relevant (visual esti- 
mate). Left ventricular ejection fraction was calculated 
from the end-diastolic and end-systolic volumes of cine 
frames obtained in a 30° right anterior oblique projec- 
tion. 

Ambulatory electrocardiographic monitoring: All 
patients were out of the hospital and were not restricted 
in their physical activities. Ambulatory ECG monitor- 
ing was performed using a 2-channel, direct recording 
system (“Tracker,” Reynolds Medical). The bipolar 
electrodes were localized at the upper right sternal bor- 
der and precordially in the CM3 and CMS positions. 
The site of the exploring electrodes was occasionally 
modified in order to monitor the chest lead with the 
strongest ST-segment deviation during the exercise test. 
Stability of the ST segment was confirmed with the pa- 
tient in a supine, upright, and left and right lateral posi- 
tion. The tapes were analyzed using the “Pathfinder 
III” system (Reynolds Medical). In addition to the 
computerized analysis, the tapes were scanned visually 
and printouts obtained from all definite and question- 
able episodes of ST-segment deviation. Episodes were 
classified as “ischemic” in the presence of 21 mm of 
ST-segment deviation 80 ms after the J point, lasting 
for 260 seconds, and separated by >60 seconds from 
another ischemic episode. The following parameters 
were determined for each ischemic episode: time and 
heart rate at onset of ischemia (when ST-segment de- 
pression reached 1 mm), duration of the ischemic epi- 
sode, change in heart rate during the last 5 minutes be- 
fore the onset of ST-segment depression, and maximal 
amplitude of ST-segment changes. 


AP ECG 


FIGURE 1. Distribution of episodes of ischemic equivalents in 
128 patients: 104 episodes of anginal pain (AP) without elec- 
trocardiographic (ECG) changes during ambulatory monitor- 
ing, 86 episodes with both AP and ECG changes, and 255 
episodes only with ECG changes. 
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Evaluation of anginal symptoms: Anginal symptoms 
were assessed during ambulatory ECG monitoring. The 
patients had to list the occurrence of all episodes of 
chest pain (including severity, location and radiation) or 
dyspnea in a diary; during these events the patients also 
had to push an event button. At the end of the recording 
period, they were interviewed regarding their symptoms 
either described in the diary or marked by the event 
button. They were also questioned about their symp- 
toms during the exercise test. On the basis of this infor- 
mation, the symptoms during ambulatory monitoring 
were then classified as ischemic by a cardiologist, when 
typical chest pain with or without radiation or episodes 
of dyspnea comparable to similar symptoms experi- 
enced during the exercise test were present. The pa- 
tients indicated a total of 242 symptomatic episodes in 
the diary or by the event button, or both: 52 episodes 
were Classified as noncharacteristic for angina pectoris 
or its equivalents and were excluded from further analy- 
sis, and 190 symptomatic episodes were classified as an- 
ginal pain (144 episodes with mild chest pain, 28 epi- 
sodes with severe chest pain and 18 episodes with dys- 
pnea alone). 

Statistics: Data are presented as mean + | standard 
deviation. Unpaired ¢ tests were used for continuously 
scaled variables; categorical variables were compared 
using the 2-tailed chi-square test. A p value <0.05 was 
considered statistically significant. 


RESULTS 

Incidence of anginal episodes without ischemic 
electrocardiographic changes: Three different types of 
episodes of ischemic equivalents were observed in this 
study: 104 episodes with only angina pectoris, 255 epi- 
sodes with only ischemic ECG changes, and 86 episodes 
with both anginal pain and simultaneous ischemic ECG 
changes (Figure 1). Among the 190 episodes with angi- 
nal symptoms (104 without and 86 with ECG changes), 
the severity of chest pain was mild in 144 and severe in 
28 episodes; 18 episodes occurred with dyspnea alone. 

From the 341 episodes with ischemic ECG changes, 
86 occurred with (25%) and 255 without (75%) symp- 
toms. Comparison between episodes with ischemic ECG 
changes with and without pain revealed no differences 
for the duration of episodes (10.3 + 11.3 vs 11.0 + 11.0 
minutes; difference not significant [NS]), extent of ST- 
segment depression (2.2 + 0.9 vs 2.1 + 0.8 mm; NS), 
and heart rate at the onset of ST-segment depression 
(96 + 19 vs 100 + 14 beats/min; NS). The circadian 
distribution was also similar for ischemic ECG episodes 
with or without angina pectoris and for the 104 anginal 
episodes without ischemic ECG changes (Figure 2); 
most episodes of all types occurred during the morning 
or the afternoon hours. An increase in heart rate of 210 
beats/min before the onset of ST depression occurred in 
209 episodes with asymptomatic (82%) and in 70 epi- 
sodes with symptomatic (81%) ECG changes; 82 of the 
anginal episodes without ECG changes (79%) were re- 
lated to periods of increased heart rate. 

Patients with anginal episodes without ischemic 
electrocardiographic changes: An individual patient 
could exhibit only 1 type of episode or a combination of 


TABLE I Number of Patients With Episodes of Angina 
Pectoris Without Ischemic Electrocardiographic Changes, 
Episodes With Both Angina Pectoris and Electrocardiographic 
Changes During Ambulatory Monitoring, and Episodes With 
Only Ischemic Electrocardiographic Changes 


Episodes with 


AP AP + ECG 


Group A(n = 44) 
n= 29 (23%) 
n=3(2%) 
n=6(5%) 
n=6(5%) 

Group B (n = 84) 
n=53 (41%) 
n=24(19%) 
n=7 (5%) 

AP = angina pectoris without electrocardiographic changes; AP + ECG = angina 


pectoris with electrocardiographic changes; ECG = electrocardiographic changes 
without angina pectoris. 


different types of episodes. Altogether, 7 different com- 
binations of the 3 types of episodes were possible and 
also observed (Figure 3 and Table I). 

Episodes of anginal pain without simultaneous ECG 
changes were detected in 44 of the 128 patients (34%) 
(group A) (Table I, Figure 3); 29 patients in this group 
only had episodes of angina and had no ischemic ECG 
changes during ambulatory monitoring. The other 15 
patients in group A also had anginal episodes without 
ECG changes but had episodes with ischemic ECG 
changes (with or without anginal pain) as well. In 84 
patients (66%) (group B), episodes of anginal pain with- 
out ischemic ECG changes were not seen (Figure 3, 
Table I): 53 patients had only asymptomatic ECG 
changes, 24 patients had both symptomatic and asymp- 
tomatic episodes with ECG changes, and 7 patients had 
only symptomatic ECG changes. 

Group A and B patients had no significant differ- 
ences in the prevalence of antianginal therapy, in find- 
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FIGURE 2. Circadian distribution of ischemic equivalents: 86 
episodes of electrocardiographic (ECG) changes with angina 
pectoris (AP) (open bars), 255 episodes of ECG changes with- 
out AP (hatched bars), and 104 episodes of AP without ECG 
changes (closed bars). The circadian distribution was similar 
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TABLE Il Comparison of Baseline Clinical Characteristics, 
Angiographic Findings and Exercise Testing Data Between 
Groups A and B 


Group A Group B 


No. of patients 44 84 
Age (years) 5847 5748 
Patients taking antiischemic therapy 14 (32%) 18(21%) 
Calcium antagonists 2 (5%) 2 (2%) 
Long-acting nitrates 2 (5%) 3 (4%) 
Calcium antagonist + long-acting nitrates 10(23%) 13(15%) 
Cardiac catheterization 
No. of coronary arteries narrowed 
25 (57%) 
17 (36%) 
5 (11%) 
LM 1 (2%) 
Left ventricular ejection fraction (%) 65411 
Exercise testing 
Onset of ischemia 
Heart rate (beats /min) 
Duration (min) 
No of pts. with angina pectoris 
Time to onset of angina pectoris (min) 
Maximal exercise 
Heart rate (beats/min) 
Duration (min) 
ST depression (mm) 
* p <0.05. 


All values are mean +1 standard deviation. 
LM = left main coronary artery. 


30 (36%) 
22 (26%) 
22 (26%) 
6 (7%) 
64+ 10 


115+ 22 
5.44 2.4 
37 (84%) 
6.1429 


110+ 16 
4.8 + 2.0 
73 (87%) 
5.5+ 2.0 


125+ 25 
7.2419 
1.9 +0.9* 


127 +19 
6.8 2.1 
2.4 + 0.8* 





ings during cardiac catheterization (number of coronary 
arteries narrowed and left ventricular ejection fraction), 
and in exercise testing data (heart rate and duration of 
exercise at the onset of ischemia and at maximal exer- 
cise, and time to onset of angina pectoris) (Table II). 
However, maximal amplitude of ST-segment depression 
during stress testing was significantly greater in group B 
patients. 


AP + ECG 


FIGURE 3. Distribution of patients with regard to the combi- 
nations of the 3 types of ischemic equivalents: episodes with 
only angina pectoris (AP), episodes with only ischemic electro- 
cardiographic (ECG) changes and episodes with both AP and 
ECG changes (AP + ECG) during ambulatory monitoring. Pa- 
tients can have 7 different combinations of the episodes (see 
Table I). Anginal episodes without ischemic ECG changes 
were present in group A (hatched area); anginal episodes with 
ischemic ECG changes (open area) were present in group B. 
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DISCUSSION 

The purpose of this study was to analyze the inci- 
dence of episodes of angina pectoris unaccompanied by 
ischemic ECG changes during ambulatory monitoring 
in patients with stable angina pectoris, angiographically 
proven coronary artery disease and positive exercise test 
results. In particular, the question is addressed whether 
anginal pain without ECG changes during ambulatory 
monitoring can be accepted as an equivalent of myocar- 
dial ischemia. 

In our study, 15 of the 128 patients (12%) had both 
episodes of ischemic ECG changes and anginal pain 
without ECG changes during the same 24-hour record- 
ing period. We assumed that these patients were more 
likely to have anginal episodes without ECG changes, 
i.e., “electrocardiographically silent” myocardial isch- 
emia.!° Whether one can assume that these episodes 
also are ischemic in origin in the 29 patients having only 
anginal attacks without ECG changes during ambulato- 
ry monitoring remains questionable, since one cannot 
exclude the fact that chest pain in these patients repre- 
sents “false-positive angina symptomatic.” !° 

Myocardial ischemia without electrocardiographic 
changes: Several studies have demonstrated that equiv- 
alents of myocardial ischemia might be apparent in the 
thallium stress scintigram,!®!! radionuclide ventriculo- 
gram!? or positron emission tomogram!? in the absence 
of ischemic ECG changes. These observations indicate 
the relative insensitivity of the electrocardiogram in de- 
tecting myocardial ischemia. This was also documented 
during exercise testing'*:'! and during coronary artery 
balloon dilatation!” when hemodynamic changes (in- 
crease in end-diastolic pressure) occurred much earlier 
than ECG alterations. However, electrocardiographical- 
ly silent myocardial ischemia might carry important 
prognostic information, because in patients with nega- 
tive ECG exercise test results, the incidence of adverse 
clinical events is significantly higher in those with a pos- 
itive thallium stress scintigram than in those with a nor- 
mal thallium test.!°!* Furthermore, Weiner et al!? 
found that 7-year survival was similar for patients with 
typical ST-segment depression during exercise testing 
and for those with angina but no ischemic ST depres- 
sion; this also indicates that angina during exercise is a 
critical event when associated with coronary artery dis- 
ease. 

The present study has shown that typical anginal 
pain in the absence of ischemic ECG changes during 
ambulatory monitoring may represent an equivalent of 
ischemia in certain patients. Anginal pain without ECG 
changes is a frequent finding during ambulatory moni- 
toring; however, it may only be accepted as an equiva- 
lent of ischemia in patients whose diagnosis of coronary 
artery disease and myocardial ischemia was proven by 
other methods and whose ischemic ECG changes oc- 
curred during other periods of ambulatory monitoring. 
In such patients one has to assume that the total 
amount of myocardial ischemia‘ is not only represented 
by the number of symptomatic and asymptomatic ECG 
episodes during ambulatory monitoring, but also by epi- 
sodes of angina without ECG changes. 
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This concept is supported by the observation in the 
present study, that patients exhibiting anginal episodes 
unaccompanied by ECG changes did not differ from 
patients with ischemic ECG changes with regard to the 
angiographic extent of coronary artery disease or exer- 
cise test performance. However, maximal ST depression 
during exercise was significantly lower in patients with 
anginal episodes without ECG changes during ambula- 
tory monitoring. This finding suggests that these pa- 
tients may represent a special group whose signs of 
myocardial ischemia are less pronounced in the electro- 
cardiogram. Our observation is further supported by the 
fact that the circadian distribution was similar for angi- 
nal episodes without and for ischemic episodes with 
ECG changes; all types of episodes predominantly oc- 
curred during the morning and afternoon hours. In ad- 
dition, most anginal episodes without as well as those 
with ECG changes were accompanied by increases in 
heart rate. 

Study limitations: Assessment of anginal symptoms 
during ambulatory monitoring is influenced by patient 
compliance; however, this problem is inherent in all in- 
vestigations measuring subjective symptoms under out- 
of-hospital conditions. Importantly, the lack of ECG 
signs of ischemia during ambulatory monitoring in the 
presence of typical anginal pain could be caused by 
technical problems of this method.?°*! The small num- 
ber of recording leads (usually 2 to 3 leads) reduces the 
sensitivity in detecting ischemic ECG changes when 
compared with multiple lead devices.2*2 In addition, 
inferior ischemia may have been missed by electrodes 
located in the anterior chest wall in the position of CM3 
and CMS5.*4 Finally, ischemic electrocardiographic 
changes could have been overlooked with this method 
because of a lead placement on the chest wall in a “non- 
ischemic area.” ?? In our study the lead positions CM3 
and CM5 have been used according to a previous re- 
port? demonstrating a good correlation with a standard 
12-lead electrocardiogram recorded simultaneously dur- 
ing ambulatory monitoring. In addition, an exercise test 
was performed before ambulatory monitoring in all pa- 
tients and, if necessary, the location of the lead was 
modified in order to simulate the lead showing the 
strongest ST deviation during the exercise test. 

Nevertheless, it appears reasonable that technical 
problems in ambulatory monitoring contribute to the 
lack of ECG signs of ischemia during typical angina 
pectoris in some of our patients. However, this does not 
invalidate the need for careful monitoring of anginal 
episodes without ECG changes during ambulatory mon- 
itoring. In patients having episodes with ischemic ECG 
changes during ambulatory monitoring, angina without 
ECG changes should be included when the total 
amount of myocardial ischemia‘ is estimated. 
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Dependence of Doppler Echocardiographic 
Transmitral Early Peak Velocity on 
Left Ventricular Systolic Function in 

Coronary Artery Disease 


Shinji Miki, MD, Tomoyuki Murakami, MD, Tomoyuki lwase, MD, Tetsuya Tomita, MD, 
Yukisono Suzuki, MD, and Chuichi Kawai, MD 


The influence of systolic function on pulsed Doppler 
echocardiographic transmitral flow velocity pat- 
terns was assessed before and after postextrasys- 
tolic (PES) potentiation in 12 normal subjects (con- 
trol group) and in 25 patients with previous healed 
myocardial infarction (MI) group. Simultaneous 
high-fidelity left ventricular pressure measure- 
ments were performed in all patients. A pro- 
grammed single-coupled right ventricular extrasys- 
tole was induced during echocardiographic and 
subsequent cineangiocardiographic recordings. Ad- 
equate angiograms for volumetric analysis in both 
baseline and PES beats were obtained in 23 pa- 
tients (7 in the control group and 16 in the MI 
group). 

PES potentiation of contraction was more pro- 
nounced in the MI group than in the control group. 
PES changes in ejection fraction, stroke volume 
and end-systolic volume were significantly greater 
in the MI group than in the control group (11 vs 
5%, p <0.005; 15 vs 5 mli/m?, p <0.005; and —13 
vs —4 mli/m?, p <0.01, respectively). In contrast, 
PES potentiation prolonged the time constants of 
left ventricular pressure decline derived from expo- 
nential curve fits with a zero (Tw) and non-zero 
(Tb) asymptote pressure in the MI group to the 
same extent as in the control group (4 vs 5 ms, dif- 
ference not significant [NS], and 9 vs 11 ms, NS, 
respectively). In the PES beat, peak E velocity re- 
mained unaltered (48 vs 49 cm/s, NS) in the control 
group, whereas it increased significantly (p 
<0.0001) from 47 to 51 cm/s in the MI group. In 
contrast, peak E velocity normalized to time veloci- 
ty integral during diastole, which is equivalent to 
volumetric peak filling rate normalized to stroke 
volume (SV), decreased after PES potentiation in 
both control and MI groups (from 5.2 to 4.7 SV/s, 
p <0.005 and from 5.5 to 5.2 SV/s, p <0.005, re- 


spectively). 
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in conclusion, despite a prolonged relaxation, 
PES potentiation of contraction maintained peak E- 
wave velocity in the control subjects and enhanced 
it in patients with MI. Early diastolic filling is 
strongly affected by systolic function. Thus, the in- 
fluence of the preceding contraction should be ac- 
counted for in the Doppler echocardiographic as- 
sessment of early diastolic filling dynamics. 

(Am J Cardiol 1991;67:470-—478) 


vestigated the relation of an early diastolic filling 

pattern to left ventricular loading conditions,'~® 
relaxation*>:’> and chamber properties.*? The de- 
creases m filling pressure, the rate of left ventricular 
pressure decline, or diastolic compliance cause deceler- 
ated early diastolic filling and vice versa. On the other 
hand, Hammermeister et al!° demonstrated, using con- 
trast angiography, a strong correlation between stroke 
volume and early diastolic peak filling rate in various 
heart diseases. Recently, Zile et al'! demonstrated an 
inverse relation between early diastolic filling rate and 
end-systolic volume, i.e., an index of elastic recoil. How- 
ever, few studies have addressed the dependence of 
Doppler early diastolic velocity indexes on preceding 
systolic function in the clinical setting. Blaustein et al 
and others!?"'* reported that postextrasystolic (PES) 
potentiation is associated with an unaltered or delayed 
isovolumic relaxation (dissociation of contraction and 
relaxation). Thus, PES potentiation is an interesting 
phenomenon, allowing assessment of the separate ef- 
fects of contraction and relaxation on early diastolic fill- 
ing. The purpose of the present study is to clarify the 
effects of systolic ejection performance on pulsed Dopp- 
ler transmitral flow velocity pattern before and after 
PES potentiation in control subjects and in patients 
with previous myocardial infarction (MI). 


P revious experimental and clinical studies have in- 


METHODS 

Patients: This study was performed in 37 patients 
during cardiac catheterization. Twenty-five patients (19 
men and 6 women [mean age 59 years, range 40 to 77]) 
had coronary artery disease (>50% diameter narrow- 
ing) and myocardial infarction (MI group); 18 had iso- 
lated anterior, 6 had inferior and 1 had combined ante- 





rior and inferior infarction. Twelve patients (6 men and 
6 women [mean age 53 years, range 38 to 76]), who 
complained of chest pain but had no cardiovascular dis- 
ease, served as the control group. All patients were nor- 
motensive and patients who had aortic or mitral regur- 
gitation on their Doppler echocardiograms or contrast 
left ventriculograms, or both, were excluded from the 
study. Written informed consent was obtained from all 
patients. 

Cardiac catheterization: Patients underwent right- 
and left-sided cardiac catheterization in the fasting 
state. Premedication consisted of 10 mg of diazepam 
administered orally 1 hour before the study. Among 25 
patients with previous MI, 13 were receiving long-term 
medication with calcium antagonists and 17 patients 
were taking long-acting nitrates. No patients were re- 
ceiving 8 blockers, digitalis or diuretics. All these medi- 
cations had been withdrawn 224 hours before the 
study. 

After routine right-sided cardiac catheterization, an 
8Fr Miller angiocardiographic micromanometer was in- 
troduced into the left ventricle through the right femo- 
ral artery. A pacing catheter was inserted into the right 
ventricle through the right femoral vein. The microma- 
nometer pressure tracing was superimposed on the con- 
ventional pressure tracing, which was obtained from the 
side lumen of the catheter with the use of a fluid-filled 
system. Pressures and the first derivative of pressure 
(dP/dt) were recorded at a paper speed of 200 mm/s 
(Fukuda Denshi, MIC-9800). 

After placement of the catheters, pulsed Doppler 
echocardiography was performed with an Aloka SSD- 
860 equipped with a 3.0-MHz transducer. For Doppler 
measurements of left ventricular inflow velocity curve 
an apical 4-chamber view was obtained. The Doppler 
beam was aligned so as to be as parallel as possible to 
the blood flow vector. The sample volume was posi- 
tioned at the level of the mitral anulus. Because the 
Doppler beam was almost parallel to the presumed 
flow, angle correction was not made. The mitral inflow 
velocity and simultaneous high-fidelity left ventricular 
pressure curves were recorded at a paper speed of 50 
and 100 mm/s. During Doppler recording, extrasystoles 
were induced by a programmed electrical stimulus gen- 
erator (Fukuda Denshi, DC-03) attached to the pacing 
catheter in the right ventricle. The coupling intervals 
were held constant during echocardiographic and cine- 
angiocardiographic evaluations. The mean coupling in- 
terval was 417 ms (range 400 to 500) in the control 
group and 422 ms in the MI group (range 350 to 550). 

Immediately after the Doppler echocardiographic 
recordings, simultaneous biplane left ventricular cinean- 
giocardiography was performed in the 30° right anteri- 
or oblique and 60° left anterior oblique projections with 
nonionic contrast medium injected at a rate of 12 ml/s. 
Filming rate was 60 frames/s. Left ventricular pressure, 
dP/dt and a peripheral lead of the standard electrocar- 
diogram were recorded at a paper speed of 200 mm/s. 
Each angiographic frame had a digital time that corre- 
sponded to time marks on the pressure recordings. Dur- 
ing left ventriculography, an extrasystole was induced 
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immediately after the second well-opacified beat in 
the same fashion as in the Doppler recordings. All pa- 
tients with MI had left ventricular regional wall mo- 
tion abnormalities corresponding to the sites of MI on 
their control angiograms. Finally, coronary arteriogra- 
phy was performed by the Judkins technique. 

Pressures and flow velocity data analysis: All pa- 
tients were in sinus rhythm and the duration of QRS 
complex did not exceed 0.11 second. All values obtained 
from simultaneous left ventricular pressure and trans- 
mitral Doppler recording were calculated as an average 
of 25 cardiac cycles. Left ventricular pressure and 
transmitral flow velocity were digitized for an entire 
cardiac cycle by an electronic digitizer (Graftec KD- 
3200) interfaced to a computer. The sampling rate for 
pressure and dP/dt value was 3.0 ms. For quantitative 
assessment of transmitral flow velocity, the following 
measurements were calculated: (1) peak velocities of 
the early filling (E; cm/s) and atrial contraction (A; 
cm/s) waves; (2) the ratio of peak early filling wave 
velocity to peak atrial contraction wave velocity (E/A); 
(3) time velocity integral (i.e., area under the velocity 
curves) during diastole (TVI; cm); (4) percent increase 
of time velocity integral during the first half of diastole 
(%TVI1); (5) peak early filling wave velocity normal- 
ized to time velocity integral during diastole (E/TVI). 
When the mitral anulus cross-sectional area (CSA; 
cm?) is assumed constant, the product of E and CSA 
represents volumetric peak filling rate (PFR; ml/s) (E 
x CSA = PFR). Likewise, the product of TVI and 
CSA is equal to mitral stroke volume (SV; ml) (TVI X 
CSA = SV). From these equations, it can be drawn 
that E/TVI is equivalent to PFR/SV. This concept was 
proposed by Bowman et al!> and the excellent correla- 
tion between this normalized Doppler echocardiograph- 
ic and radionuclide angiographic volumetric peak filling 
rates was demonstrated by these investigators. 

In this study, the left ventricular isovolumic relaxa- 
tion period was defined as the interval from maximum 
negative dP/dt to the beginning of E wave. The time 
constant of left ventricular isovolumic pressure decay 
was determined by 2 approaches, using exponential 
function as follows: (1) P = Pop eC!/™)t, and (2) P = 
(Po — Pa) eC! + Pa in which pressure was as- 
sumed to decay to a zero! and variable asymptote pres- 
sure (P,),!7!8 respectively. Tw was determined as the 
negative reciprocal of the linear relation between In P 
versus time (t) by least-squares regression analysis. The 
mean correlation coefficient was —0.995 (range —0.988 
to —0.998) during baseline beat and —0.995 (range 
—0.992 to —0.999) after PES potentiation in the control 
group; it was —0.997 (range —0.989 to —0.999) during 
baseline beat and —0.997 (range —0.991 to —0.999) af- 
ter PES potentiation in the MI group. Tb was deter- 
mined as that between In (P — Pa) versus t by an itera- 
tion procedure!’:!8 (Figure 1). This approach also pro- 
vided an excellent mean correlation coefficient. It was 
—0.999 (range —0.997 to —0.999) during the baseline 
beat and —0.999 (range —0.998 to —0.999) after PES 
potentiation in the control group. The coefficient was 
—0.999 (range —0.997 to —0.999) during the baseline 
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beat and —0.999 (range —0.999 to —0.999) after PES 
potentiation in the MI group. 

Left ventricular pressure at atrioventricular pressure 
crossover is another important determinant of early dia- 
stolic transmitral pressure gradient.'? Because atrial 
pressure was not directly determined, we measured left 
ventricular pressure at the beginning of the early dia- 
stolic wave forms. This is termed mitral valve opening 
pressure and is used as an index of left atrial driving 
pressure responsible fer mitral valve opening. 

Angiocardiographic data analysis: Five patients in 
the control group and 9 patients in the MI group were 
excluded from the volume analysis because the opacifi- 
cation of the left ventricle was not satisfactory especially 
in the PES beat. Left ventricular volume was calculated 
by the area-length method. In this study, end-systole 
was defined as the angiographically determined point of 
aortic closure and end-diastole was defined as the begin- 
ning of the rapid increase of left ventricular pressure 
immediately after the onset of the QRS complex. End- 
diastolic, end-systolic and stroke volume indexes, and 
ejection fraction were calculated in the standard fash- 
ion. In addition, the time interval from mitral valve 
opening to end-diastole was divided into a first and sec- 
ond half. Volume increases during each period (V; and 
V2) and percent volume increase during the first half of 
diastole (%V;) were determined. 

Statistics: Comparisons of hemodynamics and angi- 
ographic parameters between the baseline and PES 
beats were performed by Student’s paired ¢ test. Com- 
parisons between control and MI groups were deter- 
mined by an unpaired ¢ test. Differences were consid- 





FIGURE 1. Representative semilogarithmic plots of left ven- 
tricular pressure minus asymptote pressure [In(P — P,)] ver- 
sus time in a normal subject. The time constants (T,) of relax- 
ation are determined as the negative reciprocal of the slope of 
the linear relation between In(P — P,) and time. In this case, 
the time constant increased from 46 to 79 ms and asymptote 
pressure decreased from —9 to -23 mm Hg after the postex- 
trasystolic (PES) beat. B = baseline. 
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ered significant at p <0.05. Data in the tables and fig- 
ures are presented as mean + | standard deviation. 


RESULTS 

Left ventricular pressure and angiographic param- 
eters (Tables I and Il): In the PES beat, left ventricular 
peak systolic pressure did not change but end-diastolic 
pressure increased slightly in both control and MI 
groups. Mitral valve opening pressure remained unal- 
tered in the 2 patient groups. Left ventricular minimum 
pressure did not change in the control group; it de- 
creased slightly but significantly in the MI group. End- 
diastolic volume did not change in the PES beat in both 
groups. PES potentiation increased maximum positive 
dP/dt in the control and MI groups. PES potentiation 
of ejection performance was more pronounced in the 
MI group than in the control group. The changes in 
ejection fraction, stroke volume and end-systolic volume 
were greater in the MI group than in the control group 
(11 vs 5%, p <0.005; 15 vs 5 ml/m?, p <0.005; and —13 
vs —4 ml/m?, p <0.01, respectively) (Figure 2). 

PES potentiation impaired left ventricular relaxation 
in both groups. Maximum negative dP/dt decreased 
and both Tw and Tb increased in the control and MI 
groups. The changes in maximum negative dP/dt, Tw 
and Tb in PES beat were not significantly different be- 
tween the 2 groups. V1 increased after PES potentiation 
in both groups. V2 did not change in the PES beat in 
control patients but increased slightly in patients with 
MI. Percent V1 remained unchanged in the PES beat in 
the controls; it increased slightly but not significantly in 
the MI group. 

Doppler echocardiographic measurements (Table 
ill, Figures 3 and 4): PES potentiation did not change 
peak E-wave velocity significantly in control patients, 
whereas it enhanced the velocity slightly but significant- 
ly in the MI group. Peak A-wave velocity increased 
slightly after PES potentiation in both control and MI 
groups. PES potentiation increased TVI in the control 
and MI groups in association with a decrease in E/TVI. 
The E/A ratio did not change significantly after PES 
potentiation in both control and MI groups. Percent 
TVI1 did not change significantly after PES potentia- 
tion in the control patients; it increased slightly in pa- 
tients with MI. 


DISCUSSION 

Postextrasystolic early diastolic filling: The present 
study revealed that left ventricular contraction was po- 
tentiated but relaxation was impaired in the PES beat 
in the control and MI groups. PES potentiation of con- 
traction was more pronounced in the MI group than in 
the control group. On the other hand, impairment of 
left ventricular relaxation in the MI group was similar 
to that in the control group. In this study, we deter- 
mined peak E-wave velocity and its normalization to 
TVI to distinguish the effect of left ventricular contrac- 
tion from that of relaxation on early diastolic filling. 
There were discrepancies in the response to PES poten- 
tiation between these absolute and relative early dia- 
stolic Doppler peak velocity indexes. In the PES beat, 
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peak E-wave velocity remained unaltered in the control 
group, whereas it was enhanced in association with 
more pronounced contraction in the MI group. In con- 
trast, E/TVI was reduced after PES potentiation in 
both control and MI groups. E/TVI is theoretically 
equivalent to volumetric peak filling rate normalized to 
mitral stroke volume!> and thus is an index eliminating 
the potential effect of systolic ejection performance on 





early diastolic peak filling rate. Its reduction after PES 
potentiation may reflect, at least in part, slowed left 
ventricular pressure decline in these 2 groups. Our re- 
sults indicate that left ventricular contraction and relax- 
ation contributed profoundly to determining peak E- 
wave velocity in the PES beat in our patients. In the 
control group, the effect of left ventricular contraction 
on early diastolic peak filling rate might be counterbal- 


TABLE I Left Ventricular Pressure and Derived Data in 37 Patients 

























LVEDP LVSP MVOP LVmin dP/dt max dP/dt min Tw Tb 

HR (mm Hg) (mm Hg) (mm Hg) (mm Hg) (mm Hg/s) (mm Hg/s) (ms) (ms) 
Pt. (beats/min) rr ar rar ae SO eee 
No. B B PES B PES. B PES. B PES oB PES B PES B PES B PES 
1 55 9 15 6 2 3 —1,132 48 53 68 63 
2 68 LSS av 12 3 5 —888 39 45 43 63 
3 69 7 7 6 4 3 } —1,492 39 41 53 67 
4 85 k2 AEE 157. 166. f1 10 3 4 2,266 2,775 -1,631 —1,527 34 37 64 80 
5 66 G dies ly 558°" Fo?“ 25. 35 4 4 1,798 2,347 -2,041 —1,727 40 52 51 56 
6 67 11 10 159 150 -.-12-- .12 3 3 1,592 1,936 -1,396 -1,317 39 44 60 81 
7 71 11. “42 118 106 9 10 1 1 1386 1,524 -1,340 -1,168 34 39 50 55 
8 58 3 6 EE? 186 6. 44 1 1 1,180 1,239. -1,272 -1,071 36 44 46 66 
9 52 15° "46 150 160 14 14 6 7 1,483 1,617 -1,327 -1,349 45 47 59 65 
10 71 7 8 107. -102 6 8 1 3 1,044 1,180 -1,305 -1,010 29 38 42 77 
11 86 7! PO 14 7 t25 9 7 1 2 2,414 2637 -1,953 -1,537 27 30 42 38 
12 61 11 12 120 .. 130 10 6 4 2 1,325 1,552 -1,360 -—1,669 38 38 42 44 
68 14 14 $2607 308, 12. 40 5 4 1,302 1,661 751,233 -974 39 44 50 59 
68 4°" 35 s ea "teal Us 4a4 1,300 1,524 -1,184 -1,061 44 50 58 64 
72 10.4 401 133 140 7 5 1385 1,467 -1,271 -1,210 37 39 41 54 
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Mean 40) 152 140 1d S39 DO 3 3 1575 1,849 -1,533 -1,324 37 42 of “GS 
+SD +10 +4 +4 t18. +21 23. £3 ie +394 +488 +249 +260 +6 +6 £9 »:13 
p value <0.05 NS NS NS <0.0001 <0.05 <0.0005 <0.01 


Patients with Myocardial Infarction (n = 25) 


Mean 68 i7* 3s 129. 124.15" 19 6 4 1290 1,497 -1,280 -1144 45 49 64 73 
+SD +10 #74" £6 219° £19. £7 247 £3. £S 4257 +332 +282 +268 +10 +10 +20 +24 
p value <0.05 NS NS <0.005 <0.0001 <0.0001 <0.0001 <0.001 


Data are presented in the baseline (B) and postextrasystolic (PES) states in the control subjects and patients with myocardial infarction. 
B = baseline; dP /dtmax, dP /dtmin = maximal positive dP/dt and negative dP/dt; HR = heart rate; LVEDP, LVmin, LVSP = left ventricular end-diastolic, minimum and peak 


systolic pressures; MVOP = mitral valve opening pressure; NS = not significant; PES = postextrasystolic; Tb, Tw = time constants of isovolumic left ventricular pressure decay with 
non-zero and zero asymptote pressures. 
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EDV , SV OLS, v2 
(ml/m?) (ml/m?) (ml/m?) (ml /m?) (ml/m?) 
Control Patients (n = 7) 
71 
as 8 S e +6 5 a oe +s ts PA E s2 
<0.025 <0.005 <0.005 <0.025 
Patients with Myocardial Infarction (n = 16) 
Mean 124 126 
+SD +31 +33 w RSS D 3 as jis a We w ae | ie 
p value NS <0.0001 <0.0001 <0.0001 <0.0001 <0.05 NS 
Data are presented in the baseline (B) state and postextrasystolic (PES) states in control subjects and patients with myocardial infarction. 
B = baseline; EDV, ESV = end-diastolic and end-systolic volume; EF = ejection fraction; NS = not significant; PES = postextrasystolic; SV = stroke volume; V1, V2 = volume 
increase during the first and the second half of diastole; %V1 = percent volume increase during the first half of diastole. 
P<0.005 P<0.005 
FIGURE 2. Angiographic 
changes in left ventricular 
ejection fraction (EF), stroke 
volume (SV) and end-systolic 
volume (ESV) after postex- 
trasystolic potentiation in the 
controls (C) and patients with 
myocardial infarction (Ml). 
y 
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anced by that of relaxation in the PES beat. However, 
in the MI group, the effect of contraction exceeded that 
of relaxation, resulting in an accelerated early diastolic 
peak filling velocity. In this study, there were discrepan- 
cies in the PES responses of early diastolic filling pa- 
rameters. E/TVI was lower in the PES beat, whereas 
%V1 and %TVI1 did not change in the controls and 
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increased slightly in the MI group. The time of occur- 
rence of the peak E wave is close to the moment of 
isovolumic relaxation and thus the influence of delayed 
PES relaxation on E/TVI might be more marked than 
on %V1 or TVIL. 

Using contrast cineangiocardiography or Doppler 
echocardiography, several investigators have assessed 


TABLE Ill Doppler Echocardiographic Mitral Flow Indexes in 37 Patients 


Peak E 
(cm/s) 
Pt. 
No. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


+12 EZ +17 


47 51 47 49 
+15 +15 +10 +10 
<0.0001 <0.05 


+SD 
p value 


0.96 9.4 
+0.35 


TVI 


7.0 65 60 
47 


10.6 59 5.2 
+1.6 +1,7 +10 +10 $1.1 
<0.0001 


9.8 62 
ee. +2.3 +10 +10 
<0.0001 <0.0001 


Data are presented in the baseline (B) and postextrasystolic (PES) states in control subjects and patients with myocardial infarction. 

B = baseline; E/A = the ratio of peak early filling wave velocity to peak atrial contraction wave velocity; E/TVI = peak early filling wave velocity normalized to time velocity integral 
during whole diastole; NS = not significant; Peak E, Peak A = peak velocities of early filling wave and atrial contraction wave; PES = postextrasystolic; TVI = time velocity integral dur- 
ing whole diastole; %TVI1 = percent increase of time velocity integral during the first half of diastole. 
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FIGURE 3. Pulsed Doppler echocardiogra- 
phy recorded simultaneously with left ven- 
tricular pressure (LVP) and electrocardi- 
ography (ECG) in a control group patient 
(upper panel) and in a patient with previ- 
ous myocardial infarction (lower panel). 
Note that compared to the baseline beat, 
peak early velocity remained unaltered af- 
ter the postextrasystolic beat in the con- 
trol patient, whereas it increased in the 
patient with myocardial infarction. Time 
velocity integral during diastole, i.e., the 
area under the velocity curve, increased in 
both patients. ES = extrasystole. 


FIGURE 4. Individual data of 


Doppler echocardiographic 
peak early velocity (E) (left 
panel) and its normalization 
to time velocity integral (E/ 
TVI) (right panel) during the 
baseline (B) beat and after 
postextrasystolic (PES) po- 
tentiation in the control 


(Mil). Open circle and bar in 
each panel represent mean 
value + 1 standard de s 
respectively. 


P<0.005 
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the effects of PES contraction and relaxation on early 
diastolic filling in the clinical setting. Carroll et al!? 
found cineangiocardiographically that early diastolic 
volumetric peak filling rate was not altered despite a 
prolonged relaxation after PES potentiation. Likewise, 
Stoddard et al recently revealed, using pulsed Dopp- 
ler echocardiography, that PES potentiation does not 
change early diastolic transmitral velocity profile in pa- 
tients with coronary artery disease or those with aortic 
stenosis. In contrast, Paulus et al!* reported that PES 
potentiation decelerated the rate of relaxation and wors- 
ened peak E-wave velocity in patients with hypertro- 
phied left ventricle due to aortic stenosis or hypertrophic 
cardiomyopathy. Compared with these previous studies, 
PES enhancement of early diastolic filling in association 
with slowed left ventricular relaxation in our patients 
with MI is unique. In these patients, accompanying a 
greater augmentation of stroke volume, left ventricular 
minimum pressure decreased slightly in the PES beat. 
Since mitral valve opening pressure did not change, the 
atrioventricular pressure difference may increase, re- 
sulting in an accelerated peak E-wave velocity in our 
patients with MI. 

Clinical implications: Recently, Doppler echocardi- 
ography allows noninvasive and serial measurement of 
early diastolic filling pattern easily. Among several 
Doppler parameters, peak E-wave velocity has been fre- 
quently used and is considered to be an index of diastol- 
ic function, i.e., left ventricular relaxation or compli- 
ance.58.9 However, it is increasingly evident that impair- 
ment of early diastolic filling due to left ventricular 
relaxation or compliance abnormalities is mimicked and 
masked by the change in filling pressures.™4-6 It is possi- 
ble to evaluate diastolic dysfunction indirectly from the 
assessment of early diastolic filling parameters in some 
clinical situations. The present study emphasizes that in 
this assessment of diastolic function, it is necessary to 
eliminate not only the potential effect of filling pressure, 
but also that of systolic ejection performance on early 
diastolic filling dynamics. Several investigators recently 
evaluated early diastolic filling profiles using volumetric 
peak filling rate normalized to stroke volume or total 
filling volume.!>?!-3 E/TVI is theoretically equal to 
this normalized filling rate. In this regard, although fur- 
ther study is needed for its pathophysiologic validity to 
be established, this normalized Doppler index may be 
useful in distinguishing between systolic and diastolic 
dysfunction. 

Study limitations: Left ventricular diastolic peak fill- 
ing rate is determined by the atrioventricular pressure 
gradient and the resistance to the flow at the time of its 
occurrence. In the present study, we did not assess di- 
rect effects of these factors on Doppler velocity indexes 
but assessed indirect ones of left ventricular contraction 
and relaxation, both of which contribute to the pressure 
gradient and resistance. However, it is not always possi- 
ble to determine directly the pressure difference be- 
tween the left atrium and ventricle or the resistance to 
the flow in the clinical setting. Ishida et al,!° using elec- 
tromagnetic flow probes in the canine heart, reported 
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that the change in early diastolic peak filling rate could 
be explained to some extent by a combined function of 
both atrioventricular crossover pressure and the time 
constant of left ventricular pressure decline. Mitral 
valve opening pressure, a logical alternative to the cross- 
over pressure, did not change significantly after PES 
potentiation in the control and MI groups. Analysis of 
the data suggests that PES enhancement of peak E 
wave and reduction of E/TVI in patients with MI is 
attributable to, respectively, an augmented systolic 
function, and slowed left ventricular pressure decline. In 
this study, the PES increase in angiographic %V1 was 
not significant, but the increase in Doppler %TVI1 was 
significant in patients with MI. Angiographic volumet- 
ric change provides 3-dimensional information, whereas 
Doppler echocardiographic velocity profile is essentially 
1-dimensional. Although a relative Doppler index such 
as %TVI1 can minimize the dimensional problem, this 
methodologic difference might explain the discrepancies 
between angiographic and echocardiographic filling pa- 
rameters. 
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Relation of Serum Lipoprotein Cholesterol Levels 
to Presence and Severity of Angiographic 
Coronary Artery Disease 


Philip A. Romm, MD, Curtis E. Green, MD, Kathleen Reagan, MD, and Charles E. Rackley, MD 


To assess the relation of lipid levels to angiographic 
coronary artery disease (CAD), lipid profiles were 
obtained on 125 men and 72 women undergoing 
diagnostic coronary angiography. CAD, defined as 
>25% diameter narrowing in a major coronary ar- 
tery, was present in 106 men (85%) and 54 wom- 
en (75%). Multiple regression analyses revealed 
that only high-density lipoprotein (HDL) cholesterol 
level in men, and age and total/HDL cholesterol ra- 
tio in women, were independently associated with 
the presence of CAD after adjustment for other risk 
factors. HDL cholesterol level and age were signifi- 
cantly correlated with both extent (number of dis- 
eased vessels) and severity (percent maximum ste- 
nosis) of CAD in men. In women, age was the only 
independent variable related to severity, whereas 
age and total/HDL cholesterol ratio were related to 
extent. 

Of 71 patients with total cholesterol <200 mg/ 
di, 79% had CAD. With multiple regression analy- 
ses, HDL cholesterol was the only variable indepen- 
dently related to the presence and severity of CAD 
in these patients after adjustment for age and gen- 
der; extent was significantly associated with age 
and male gender, and was unrelated to any of the 
lipid parameters. 

With use of multiple logistic and linear regres- 
sion analyses of the group of 197 patients, HDL 
cholesterol was the most powerful independent 
variable associated with the presence and severity 
of CAD after adjustment for age and gender. HDL 
cholesterol was also an independent predictor of 
extent. Age was independently associated with 
each of the end points examined, and was the vari- 
able most significantly related to extent. These 
data add to the growing body of information dem- 
onstrating an important association between HDL 
and CAD. 

(Am J Cardiol 1991;67:479-—483) 
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direct relation between levels of total and low- 
A mi lipoprotein (LDL) cholesterol and coro- 
nary artery disease (CAD) is well established. !? 

Therapeutic reduction of elevated total and LDL cho- 
lesterol levels has been shown to decrease the risk for 
CAD. Hence, the National Cholesterol Education Pro- 
gram recommends that a nonfasting total cholesterol 
level be determined in all adults for the purpose of iden- 
tifying persons at high risk for CAD, who may benefit 
from intensive intervention efforts. Routine determina- 
tion of high-density lipoprotein (HDL) cholesterol level 
is not recommended. However, a strong and indepen- 
dent inverse relation between HDL cholesterol and 
CAD5= has been established with few exceptions,?:!° 
and there is mounting evidence that low levels of HDL 
cholesterol predict CAD even when total cholesterol lev- 
els are not elevated.’:!!;!2 

Previous reports of angiographically defined CAD 
have shown a variety of independent correlates with lip- 
id, lipoprotein and apolipoprotein levels.!*-!? The associ- 
ation of CAD and HDL cholesterol concentration has 
varied widely, ranging from significant inverse correla- 
tions to no correlation.?°! 

This study reexamines the relation between angio- 
graphically defined CAD and lipid levels in patients un- 
dergoing elective diagnostic coronary angiography. 


METHODS 

Patient selection: The study group comprised 197 
patients undergoing elective coronary angiography for 
evaluation of chest pain at Georgetown University Med- 
ical Center, who had adequate visualization of both the 
right and left coronary artery systems, and had a fasting 
lipid profile obtained the morning of the procedure. Pa- 
tients with unstable angina, prior coronary artery by- 
pass grafting, recent myocardial infarction (<8 weeks), 
and those taking lipid-lowering medications were ex- 
cluded. Because these patients were preselected for cor- 
onary angiography, they do not represent a random 
sample of the general population. 

Coronary arteriography: Selective coronary arterio- 
grams were obtained using either the Judkins or Sones 
technique at the discretion of the individual angiog- 
rapher. Filming was obtained using a 7-inch image in- 
tensifier and 35-mm film. Cine film was processed in 
the conventional manner and viewed on a Tagarno pro- 
jector. 

Coronary arteriograms were independently reviewed 
by 2 cardiac radiologists without prior knowledge of the 
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No. of patients 

Age (years) 

Total cholesterol (mg/dl) 
LDL cholesterol (mg/dl) 
Triglycerides (mg/dl) 


HDL cholesterol 
Total:HDL cholesterol 
Coronary artery disease: 
Present (%) 
Absent (%) 
CAs narrowed 225% in diameter (no.) 


Severity (%) 


* p <0.05 compared with those in men. 

Values are mean + standard error of the mean. 

CA = coronary artery; HDL = high-density lipoprotein; LDL = low-density lipopro- 
tein. 





lipid values. Each section of the arterial tree was viewed 
in multiple projections. Calipers were used to compare 
the diameter of a stenosed region with the nearest nor- 
mal vessel diameter and stenoses were then classified as 
a percentage reduction of the original diameter. 

CAD was considered present if 21 major coronary 
artery system (left anterior descending, circumflex, 
right coronary artery) had 225% diameter stenosis. 
When there was disagreement among the cardiac radi- 
ologists, the results were averaged. CAD was then clas- 
sified by extent and severity. Extent was determined by 
the number of major coronary vessels containing at 
least 1 stenosis of 225% and was scored as number of 
vessels = 0, 1, 2 or 3. Severity was defined as the maxi- 
mum percent stenosis found in any of the major coro- 
nary artery systems of a given patient. 

Lipid and lipoprotein measurements: Total choles- 
terol?? and triglyceride? levels were determined using 
enzymatic hydrolysis with formation of hydrogen perox- 
ide and subsequent measurement spectrophotometrical- 
ly using reagents from Boehringer Mannheim Diagnos- 
tics (Indianapolis, Indiana) and the Hitachi 737 
(Tokyo, Japan) chemistry analyzer. Apolipoprotein B- 
containing lipoproteins were precipitated with magne- 
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sium chloride and phosphotungstic acid and subsequent 
centrifugation according to the manufacturer’s specifi- 
cations (Boehringer Mannheim Diagnostics).74 Choles- 
terol measurement was then performed on the superna- 
tant to determine HDL cholesterol concentration. LDL 
cholesterol was in turn calculated using a modified 
Friedewald formula*>°: LDL cholesterol = total cho- 
lesterol — (HDL cholesterol + triglyceride X 0.16). 

Data analysis: Patients were grouped into those with 
and without CAD. Differences in mean age, lipid and 
lipoprotein values between the groups were evaluated 
using Student’s ¢ test. Stepwise multiple logistic regres- 
sion analysis was used to assess the independent contri- 
bution of each of the variables on the occurrence of 
CAD among men and women, in those with total cho- 
lesterol <200 mg/dl, and in the entire study group. 

Univariate Spearman correlation coefficients were 
computed for lipid values and age to characterize their 
relation to the extent and severity of CAD. Stepwise 
multiple linear regression analysis was used to evaluate 
the relative importance of several variables in contribut- 
ing to the extent and severity of CAD. Differences were 
considered significant at p <0.05. 


RESULTS 

Patient characteristics: The 197 patients comprising 
the study group were subdivided by gender: 125 men 
(63%) and 72 women (37%). Clinical data and lipopro- 
tein profiles for men and women are listed in Table I. 
Mean age was higher in women than in men. No differ- 
ences were observed between men and women with re- 
gard to mean levels of total cholesterol, LDL cholesterol 
or triglycerides, whereas HDL cholesterol was signifi- 
cantly higher among women. CAD tended to be present 
in a higher percentage of men than women, but this 
difference was not significant. The mean number of cor- 
onary arteries narrowed 225% in diameter was similar 
in men and women (2.0 + 0.1 vs 1.7 + 0.1), whereas 
women had significantly less severe maximum coronary 
artery stenoses. 

Men: Data for men with and without CAD are listed 
in Table II. Mean age and mean levels of total and 
LDL cholesterol did not differ between men with and 
without CAD. There were significant differences in 
mean HDL cholesterol and triglyceride levels between 


TABLE Il Age, Plasma Lipids and Lipoproteins in Men and Women With and Without Coronary Artery Disease 


No. of patients (%) 


Age (years) 

Total cholesterol (mg/dl) 
LDL cholesterol (mg/dl) 
Triglycerides (mg/d!) 
HDL cholesterol (mg/dl) 
Total:HDL cholesterol 


* p <0.05; t p <0.01. 
Values are mean + standard error of the mean. 


CAD CAD 
Present Present 


106 (85) 
60+ 1 
21344 
147+4 
181i +11” 
3941't 
5.9 £0.2% 


CAD = coronary artery disease; HDL = high-density lipoprotein; LDL = low-density lipoprotein. 
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18 (25) 
56 + 4 
217+9 
140+ 10 
149 + 22 
5344 
4.6+0.4 








men with and without CAD. Mean total/HDL choles- 
terol ratio was higher in the group with CAD. 

With use of univariate analysis in men, the extent of 
CAD was significantly correlated with age (r = 0.31, p 
<0.001) and low HDL cholesterol level (r = —0.29, p 
<0.001). Similarly, severity of CAD was related to age 
(r = 0.18, p <0.05) and low HDL cholesterol level (r = 
—0.34, p <0.0001). Triglyceride level (r = 0.18, p 
<0.05) and total/HDL cholesterol ratio (r = 0.25, p 
<0.01) also were associated with severity, but not with 
extent. Levels of total and LDL cholesterol were unre- 
lated to either extent or severity of CAD. 

With stepwise multiple logistic regression analysis in 
men, using age and the various lipid and lipoprotein pa- 
rameters as the independent variables, HDL cholesterol 
level was the lone variable associated with the presence 
of CAD (p <0.01). Stepwise multiple linear regression 
analyses in men revealed that severity was most signifi- 
cantly related to low HDL cholesterol level (p <0.0001) 
and secondarily related to age (p <0.05), whereas ex- 
tent correlated with age (p <0.001) and low HDL cho- 
lesterol level (p <0.001). 

Women: Women with CAD were older and had a 
significantly higher mean total/HDL cholesterol ratio 
than those without CAD (Table II). Those with CAD 
tended to have a lower mean HDL cholesterol level, but 
this difference was not statistically significant. Mean 
levels of total cholesterol, triglycerides and LDL choles- 
terol did not differ among women with or without 
CAD. 

Univariate analysis in women revealed that age was 
associated with both extent (r = 0.36, p <0.01) and se- 
verity (r = 0.39, p <0.001) of CAD. Extent also was 
related to low HDL cholesterol level (r = —0.25, p 
<0.05) and total/HDL cholesterol ratio (r = 0.27, p 
<0.05). HDL cholesterol level tended to be inversely 
related to severity of CAD (r = —0.19), but this relation 
was not statistically significant. None of the other lipid 
parameters was associated with severity of CAD in 
women. 

Stepwise multiple logistic regression analysis in 
women revealed that age was the independent variable 
most strongly correlated with the presence of CAD (p 
<0.01), and total/HDL cholesterol ratio was the only 
other variable selected (p <0.05). Similarly, with step- 
wise multiple linear regression analyses in women, age 
(p <0.05) and total/HDL cholesterol ratio (p <0.05) 
were independently associated with extent, whereas 
age was the only variable correlated with severity (p 
<0.001). 

Patients with total cholesterol <200 mg/dl: Among 
the 197 patients comprising the study group, 71 (36%) 
had total cholesterol <200 mg/dl; CAD was present in 
56 (79%) and absent in 15 (21%). When patients with 
were compared to those without CAD (Table III), there 
were no differences in mean levels of total cholesterol, 
LDL cholesterol or triglycerides. Those with CAD were 
significantlty older, had lower mean HDL cholesterol 
levels and higher mean total/HDL cholesterol ratio. 
Among the 71 patients, 20 (28%) had HDL cholesterol 
levels <35 mg/dl, and CAD was present in 18 (90%). 





THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 1, 1991 


TABLE Ill Age, Plasma Lipids and Lipoproteins in Patients 
With and Without Coronary Artery Disease and Total 
Cholesterol <200 mg/dl 


CAD 
Present 


Number of pts. 

Number of men/women 
Age (years) 

Total cholesterol (mg/dl) 
LDL cholesterol (mg/dl) 
Triglycerides (mg/dl) 
HDL cholesterol (mg/dl) 
Total:HDL cholesterol 


* p <0.05; t p <0.01. 

Values are mean + standard error of the mean. 

CAD = coronary artery disease; HDL = high-density lipoprotein; LDL = low-density 
lipoprotein. 


With use of univariate analysis in patients with total 
cholesterol <200 mg/dl, age correlated significantly 
with both extent (r = 0.39, p <0.001) and severity (r = 
0.25, p <0.05) of CAD. There were significant inverse 
relations between HDL cholesterol level and both extent 
(r = —0.36, p <0.01) and severity (r = —0.42, p 
<0.001). Total/HDL cholesterol ratio also was associ- 
ated with extent (r = 0.30, p = 0.01) and severity (r = 
0.35, p <0.01). 

With use of age, gender, and the various lipid and 
lipoprotein parameters as independent variables, multi- 
ple logistic regression analysis revealed that the HDL 
cholesterol level was the only variable independently 
associated with the presence of CAD (p = 0.01) in pa- 
tients with total cholesterol <200 mg/dl. Multiple lin- 
ear regression analyses indicated that the HDL choles- 
terol level was the only variable independently associ- 
ated with severity in patients with total cholesterol 
<200 mg/dl (p <0.001), whereas extent was related to 
age (p <0.01) and male gender (p <0.01), and unrelat- 
ed to any of the lipid parameters after adjustment for 
other risk factors. 

Effects of beta blockers: Among patients with 
CAD, 29% of the men (n = 31) and 35% of the women 
(n = 19) were receiving 8 blockers. Mean HDL choles- 
terol levels were similar in CAD men and women with 
or without 6-blocker use (37 + 2 vs 40 + 1 mg/dl in 
men; 45 + 6 vs 47 + 3 mg/dl in women). Similarly, 
mean levels of triglycerides, and total and LDL choles- 
terol did not differ in men or women with CAD who 
were receiving 8 blockers compared with those who 
were not. 

Stepwise multiple regression analyses: A stepwise 
multiple logistic regression model was constructed using 
age, gender, and total, LDL and HDL cholesterol, tri- 
glycerides, and total/HDL cholesterol ratio as the inde- 
pendent variables to evaluate the effect of these factors 
on the occurrence of CAD in the entire study group of 
197 patients. After adjustment for other risk factors, 
HDL cholesterol level was the most powerful inde- 
pendent variable related to the presence of CAD (p 
<0.001), with age the only other variable selected (p 
<0.01). 
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On stepwise multiple linear regression analyses using 
the same variables, HDL cholesterol level (p <0.0001), 
age (p <0.001) and male gender (p <0.05) were inde- 
pendently associated with severity of CAD, whereas age 
(p <0.0001) and HDL cholesterol level (p <0.0001) 
were independently correlated with extent. 


DISCUSSION 

In this study we examined the relation between lipid 
levels and angiographically defined CAD in light of cur- 
rent guidelines for cholesterol screening, which do not 
recommend routine determination of HDL cholesterol 
in all patients.* The results indicate that of the lipid pa- 
rameters examined, only the HDL cholesterol level was 
independently associated with the presence, severity and 
extent of CAD in the entire study group after adjust- 
ment for age and gender. Moreover, HDL cholesterol 
level was the strongest independent predictor of both 
the presence and severity of CAD. These findings are in 
accord with the results of previous studies!*:!>.!7,!9:27 and 
conflict with others.!®°2! Neither total nor LDL cho- 
lesterol levels were related to any of the end points we 
examined. This contradicts the findings of many previ- 
ous studies,!3!9-2! but corroborates those of others.!’ 
Similarly, triglyceride levels have previously been shown 
to correlate with pathologically*? and angiographical- 
ly!2,13,18,19.27 defined CAD, but were not an independent 
risk factor in our study. 

Some gender differences were observed in our pa- 
tients. In men, HDL cholesterol level was the best inde- 
pendent predictor of the presence and severity of CAD 
after adjustment for age. In women, age was the only 
factor associated with severity, and was the most power- 
ful independent variable related to presence and extent. 
Of the lipid parameters, only total/HDL cholesterol ra- 
tio was an independent risk factor in women, correlating 
with both presence and extent of CAD after adjustment 
for age. Univariate analysis in women revealed that 
HDL cholesterol level was inversely and significantly 
related to extent, and there was a trend toward lower 
HDL cholesterol levels with increasing severity. How- 
ever, after adjustment for other risk factors, HDL cho- 
lesterol level was not independently correlated with 
presence, severity or extent of CAD in women. Large 
epidemiologic studies have demonstrated the inverse re- 
lation of HDL cholesterol levels and CAD in women, 
particularly elderly women.°* Thus, the disparity be- 
tween men and women with respect to the inverse asso- 
ciation of HDL cholesterol and CAD is likely related to 
the fewer number of women than men in our study, 
rather than to a biologic effect. Triglycerides have also 
been found to be an independent predictor of CAD in 
some studies, particularly among women.'*!%? How- 
ever, triglyceride levels were unrelated to CAD among 
the women in our population. 

Most CAD occurs in persons who have only mild or 
moderate elevations in cholesterol levels. Total choles- 
terol level alone is a poor predictor of CAD, particularly 
in older patients in whom the major lipid risk factor is 
the HDL cholesterol level.67 A strong relation has been 
established between low levels of HDL cholesterol and 
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the incidence of clinical CAD in subjects with total cho- 
lesterol <200 mg/dl.°’ Few data are available relating 
CAD as defined by angiography to lipid levels in pa- 
tients with relatively low total cholesterol levels.'? The 
HDL cholesterol level was the only variable indepen- 
dently related to the presence of CAD in our patients 
with total cholesterol <200 mg/dl after adjustment for 
age and gender. Similarly, HDL cholesterol was the 
only independent variable associated with severity in 
these patients, whereas extent was associated with age 
and male gender and was unrelated to any of the lipid 
variables. Thus, a low total cholesterol level, per se, does 
not necessarily signify a low risk of developing CAD. 
These findings underscore the importance of HDL cho- 
lesterol levels in predicting CAD among patients with 
total cholesterol levels that are considered normal, a 
group that comprises a large proportion (36% in this 
study) of patients undergoing coronary angiography. 

The reasons for varying results among several stud- 
ies correlating lipid levels to angiographically defined 
CAD are unclear but may relate to different patient 
populations. Moreover, it is difficult to compare results 
of various studies because of the differences in methods 
used in each study, particularly with respect to the defi- 
nition of CAD used, and the wide assortment of tech- 
niques used to quantitate the severity of CAD. Since 
recent data have emerged suggesting that the angio- 
graphic severity of coronary stenoses does not predict 
the time or location of a subsequent coronary occlu- 
sion, we chose to define the presence of CAD as 
225% narrowing in a major coronary vessel in order to 
identify patients with early, but not necessarily clinical- 
ly significant, atherosclerosis. The extent of CAD exam- 
ines the number of diseased vessels, which has the ad- 
vantage of separating patients with significant differ- 
ences in prognosis, and the severity of CAD provides an 
additional measure of the clinical and hemodynamic 
significance of the atherosclerotic plaques. 

Our data add to the growing body of information 
demonstrating an important association between HDL 
cholesterol levels and CAD. 
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Edge Detection Versus Densitometry for 
Assessing Coronary Stenting Quantitatively 


Bradley H. Strauss, MD, Yves Juilliere, MD, Benno J. Rensing, MD, 
Johan H. C. Reiber, PhD, and Patrick W. Serruys, MD, PhD 


The optimal method used to analyze quantitatively 


the immediate angiographic results of coronary 
stenting in the coronary arteries has not been stud- 
ied. Accordingly, minimal luminal cross-sectional 
area was determined by 2 methods, edge detection 
and densitometry, in 19 patients who underwent 
percutaneous transluminal coronary angioplasty 
(PTCA) and then coronary stent implantation for 
symptomatic coronary stenoses. The correlation 
coefficient, 0.73 before angioplasty, decreased to 
0.59 after coronary angioplasty and then increased 
to 0.83 after stent implantation. The mean differ- 
ences between edge detection and densitometric 
determinations of minimal luminal cross-sectional 
area were 0.31 + 0.51 mm? before PTCA, —0.38 
+ 1.22 mm? after angioplasty and 0.35 + 0.79 
mm? after coronary stenting. It is concluded that, 
although the correlation and variability in the mea- 
surement of minimal luminal cross-sectional area 
between edge detection and densitometry deterio- 
rate after PTCA, they are improved after stenting, 
probably because of smoothing of the vessel con- 
tours by the stent and remodeling of the stented 
segment into a more circular configuration. There- 
fore, in the stented coronary artery, edge detection 
and densitometry are equally acceptable methods 
of analysis. 

(Am J Cardiol 1991:67:484-—490) 
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investigated as an adjunct to percutaneous trans- 
luminal coronary angioplasty (PTCA).' The opti- 
mal method used to analyze the immediate angiograph- 
ic results of stenting in the coronary arteries has not yet 
been determined and is part of a general and unsettled 
controversy in the immediate assessment of PTCA. 
Computer-based automatic edge detection angiographic 
analysis systems have reduced the variability resulting 
from visual and caliper-determined contour detection,?~4 
but their use may be limited in eccentric lesions, partic- 
ularly after angioplasty, when acute tears and dissec- 
tions additionally distort the anatomy. Densitometry 
has been proposed as an alternative method of angio- 
graphic assessment of the severity of coronary obstruc- 
tions because it is independent of the geometric shape.>- 
The hemodynamic significance of a lesion has previ- 
ously been shown to be most closely correlated with the 
minimal cross-sectional area.” The determination of 
this parameter from edge detection programs from a 
single projection requires an assumption, often incor- 
rect, that the vessel cross section is circular.?!9 Our 
group has previously shown that discrepancies exist in 
the postangioplasty analysis between edge detection and 
videodensitometric methods, although conflicting data 
have also been published.5!!:12 However, the situation 
after stemting of the coronary arteries may be altered, 
because the arterial wall typically assumes a smoother, 
more circular appearance. We therefore undertook this 
study to determine if stenting of coronary arteries after 
PTCA improves the correlation and agreement between 
videodensitometry and edge detection methods. 


S tenting of the coronary arteries is currently being 


METHODS 

Study patients: Nineteen patients, 13 men and 6 
women, ranging in age from 41 to 70 years (mean 56), 
were enrolled after giving informed consent for stent 
implantation. The dilated and stented coronary artery 
was the left anterior descending coronary artery in 12 
patients, the circumflex coronary artery in 2, the right 
coronary artery in 3 and a coronary artery bypass vein 
graft in 2. This series consisted of the first 19 patients in 
whom edge detection and videodensitometry were used 
to evaluate the immediate results of the procedure. In 
each patient, the coronary artery stenosis was dilated 
first. After successful angioplasty, the balloon catheter 
was exchanged for the stent delivery system over a 
0.014-inch exchange guidewire. Unconstrained stents of 
15 or 20 mm in length, depending on the lesion, were 


Minimal Luminal Cross-Sectional Area 
Obstruction | Diameter 
Diameter | Stenosis Edge Detection Densitometry 
(%) 


Conduit 


Conduit 


Right 


LAD 


Mean + SD 
PreP 


PostP 
PostS 


* P = 0.0000; ' p = 0.0002. 
LAD = left anterior descending artery; LC = left circumflex artery; PreP = before percutaneous transluminal coronary angioplasty; PostP = after percutaneous transluminal 
coronary angioplasty; PostS = after stenting; Right = right coronary artery; SD = standard deviation. 
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placed to cover the entire dilated arterial segment. Med- 
ications at the time of the initial angiogram were intra- 
venous heparin, acetylsalicylic acid, dipyridamole, ni- 
trates and calcium antagonists. Coronary angiograms 
were performed before and after angioplasty, and after 
stent implantation. 

Description of the stent: In this trial, the endovascu- 
lar prosthesis, Wallstent®, was provided by Medinvent 
SA, Lausanne. The method of implantation and de- 
scription of this stent have been reported previously. !3-14 
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This stent is a self-expandable, stainless steel-woven 
mesh prosthesis that can be positioned in the coro- 
nary artery with the standard over-the-wire technique 
through an 8Fr or 9Fr guiding catheter. The device is 
constructed of sixteen 0.08-mm-wide wire filaments. It 
is constrained in an elongated configuration on a 1.57- 
mm-diameter delivery catheter, with the distal end cov- 
ered by a removable plastic sleeve. As the sleeve is 
withdrawn, the constrained device returns to its original 
unconstrained larger diameter and becomes anchored 
against the vessel wall. Unconstrained stent diameter 
was selected to be 0.50 mm larger than the reference 
diameter of the stented vessel. 

Quantitative coronary angiography: All cineangio- 
grams were analyzed with the computer-assisted cardio- 
vascular angiography analysis system, which has been 
discussed in detail previously.'*-'* The important steps 
will be briefly described. Any area sized 6.9 X 6.9 mm 
in a selected cineframe (overall dimensions 18 X 24 
mm) encompasing the desired arterial segment can be 
digitized by a high-resolution CCD-camera with a reso- 
lution of 512 X 512 pixels and 8 bits of gray level. Ves- 
sel contours are determined automatically based on the 
weighted sum of the first and second derivative func- 
tions applied to the digitized brightness information 
along scanlines perpendicular to the local centerline di- 
rections of an arterial segment. A computer-derived es- 
timation of the original arterial dimension at the site of 
the obstruction is used to define the interpolated refer- 
ence diameter. This technique is based on a computer- 
derived estimation of the original diameter values over 
the analyzed region (assuming there was no disease 


Post Stent 


MLCA BY EDGE DETECTION (MM?) 
8 


MLCA BY VIDEODENSITOMETRY (MM7’) 





FIGURE 1. Individual data for minimal luminal cross-sectional area (MLCA) determined by edge detection and videodensito- 
metry (A) before and (B) after percutaneous transluminal coronary angioplasty (PTCA) and (C) after stenting. Diagonal line, 
equal measurements by the 2 methods. Values above line were higher by edge detection and below line higher by densitometry. 
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present) according to the diameter function. The abso- 
lute diameter of the stenosis as well as the reference 
diameter are measured by the computer, which uses the 
known guiding catheter diameter as a calibration factor. 
All contour positions of the catheter and arterial seg- 
ments are corrected for pincushion distortion. The mini- 
mal cross-sectional area of the narrowed segment and 
the interpolated percent area stenosis are then derived 
by assuming a circular model and comparing the ob- 
served stenosis dimensions to the reference values. The 
angiographic analysis was done using the view in which 
the arterial narrowing appeared the most severe and all 
interventions were performed. 

Densitometric analysis: Densitometry is based on 
the approximate linear relation that exists between the 
optical density of a contrast-enhanced lumen and the 
absolute dimensions of the arterial segment. Constitu- 
tion of the relation between the path length of the x- 
rays through the artery and the brightness values re- 
quires a detailed analysis of the complete x-ray/cine/ 
video chain, including the film development process. 

For the first part of the chain, from the x-ray tube to 
the output of the image intensifier, we use Lambert 
Beer’s law for the x-ray absorption and apply certain 
models for the x-ray source and the image intensifier. 
From the output of the image intensifier up to the 
brightness values in the digital image, we use a simple 
linear transfer function. Details of this technique have 
been described elsewhere.?:!>-!® 

The cross-sectional area of a vessel is then obtained 
as follows: When selecting a cineframe for the densito- 
metric analysis, we ensure that the main axis of the seg- 
ment is reasonably perpendicular to the incoming x-rays 
(i.e., a nonforeshortening view is chosen). Contours of 
the artery are detected by automated contour detection 
as previously described. From the measured diameters 
along the analyzed segment, the diameter data de- 
scribed above are derived. On each scanline perpendicu- 
lar to the local centerline direction of the vessel, a pro- 
file of brightness values is measured. This profile is 
transformed into an absorption profile by means of a 
simple logarithmic transfer function. The background 
contribution is estimated by computing the linear re- 
gression line through the background points directly left 
and right of the detected contours. Subtraction of this 
background portion from the absorption profile within 
the arterial contours yields the net cross-sectional ab- 
sorption profile. Integration of this function gives a 
measure for the cross-sectional area at the particular 
scanline. By repeating this procedure for all scanlines, 
the cross-sectional area function is obtained. A refer- 
ence densitometric area is obtained following the same 
principles as previously described for the diameter mea- 
surements. It is clear that homogeneous mixing of the 
contrast agent and the blood must be assumed for the 
measurement to be correct. The complete procedure has 
been evaluated with the cinefilms of Plexiglas® models 
of coronary obstructions. !6 

To determine whether the physical properties of the 
stent itself interfere with the densitometric assessment, 
Wallstents® were placed inside known stenoses within 
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perspex models and the minimal luminal cross-sectional 
area was calculated by densitometry. These cylindrical 
models, 5 mm in diameter at the ends and tapering to 
either 2 or 3 mm in the center, were filled with iopami- 
dol (50 or 100% concentration) and angiographic stud- 
ies were done at 75 kV to approximate the clinical set- 
ting. The calculated values for minimal luminal cross- 
sectional area were 0 to 12% higher in the stented 
models, compared with identical phantoms that did not 
contain stents. 

Statistical analysis: The individual data for minimal] 
luminal diameter and minimal luminal cross-sectional 
area by edge detection and densitometry, respectively, 
were used to calculate the mean value + standard devi- 
ation (Table I). Analysis of variance was performed to 
compare the mean minimal luminal diameter before 
and after PTCA and after stenting and, if significant 
differences were found, 2-tailed t tests were applied. A 
value <0.05 was considered statistically significant. 

To measure the strength of the relation between the 
2 methods of analysis—edge detection and densitome- 
try—in determining minimal luminal cross-sectional 
area, the product-moment correlation coefficient (r) 
and its 95% confidence intervals were calculated at the 
3 distinct times of study. The agreement between the 2 
measures was assessed by determining the mean and the 
standard deviation of the between-method difference, as 
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FIGURE 2. Mean difference between edge detection and den- 
sitometry and 95% confidence intervals before and after per- 
cutaneous transluminal coronary angioplasty (PTCA) and af- 
ter stenting. Mean differences were slightly positive (0.31, 
0.35 mm?) before PTCA and after stenting, respectively, and 
slightly negative (—0.38 mm?) after PTCA. The widest 95% 
confidence interval was in the analysis after PTCA, indicating 
the poorest association between the 2 methods, 

with the analysis before PTCA and after stenting. 
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suggested by Bland and Altman.!? At each interval this 
was done by computing the sum of the individual differ- 
ences between the 2 methods to determine the mean 
difference and the standard deviation. 


RESULTS 

The individual data obtained by contour detection 
and videodensitometric analysis are listed in Table I. 
There was an overall significant increase in the minimal 
luminal diameter and a decrease in percent diameter 
stenosis after angioplasty (1.2 + 0.3 to 1.9 + 0.3 mm 
and 58 + 11 to 32 + 10%, respectively) and after stent- 
ing (2.3 + 0.3 mm, 22 + 7%). 

The correlation between edge detection and densi- 
tometry in the assessment of minimal luminal cross-sec- 
tional area before and after PTCA, and after stenting is 


Type of ; 
Eeectiont io ; ome 


Type of : STENT 
stiati i 


shown in Figures 1A, 1B and 1C, respectively. Before 
angioplasty, correlation coefficient was 0.73 (95% confi- 
dence interval, 0.41 to 0.89), indicating a reasonably 
linear relation. However, this deteriorated after PTCA, 
resulting in a correlation coefficient of 0.59 (95% confi- 
dence interval, 0.15 to 0.83). However, linearity was 
significantly improved with the implantation of a coro- 
nary stent (correlation coefficient, 0.83; 95% confidence 
interval, 0.61 to 0.93). 

The agreement between the 2 measures is illustrated 
in Figure 2. The determination of minimal luminal 
cross-sectional area was slightly higher by edge detec- 
tion than by videodensitometry in the before PTCA and 
after stenting analyses (mean differences, 0.31 and 0.35 
mm?, respectively) and slightly lower after PTCA 
(mean difference, —0.38 mm?). The variability as deter- 





FIGURE 3. Edge contour and densitometric analysis of an obstruction in the left anterior descending (LAD) artery before percu- 
taneous transluminal coronary angioplasty [PTCA] (A), during balloon inflation (B), after PTCA (C) and after stenting (D). 
Graphs show the diagnostic diameter function (upper curve) and the densitometric area function (lower curve). Lower horizon- 
tal line (0.81 mm in frame A) is the minimal luminal diameter. Outside vertical lines on the graph and the 2 vertical lines on the 
angiogram are lesion boundaries. Inner vertical lines on graph are the site in the lesion of minimal luminal diameter. In the an- 
giogram before PTCA (A), contour and densitometry curves are parallel. There was a marked improvement in the minimal lumi- 
nal diameter of the lesion during balloon inflation (B). After PTCA (C), contour and densitometry curves diverge (arrow) at the 
site of an intraluminal haziness (arrowhead). In the diameter function, there is a descending limb of the curve that reaches a na- 
dir and immediately is followed by an ascending limb. However, the densitometry curve shows a descending limb followed by a 
plateau. After stenting (D), the relation between the 2 curves is restored. 
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mined by the standard deviation of the differences be- 
tween the 2 measurements was highest in the analysis 
after PTCA (1.22 mm?), compared to before PTCA 
and after stenting (0.51 and 0.79 mm?, respectively). 
An individual example is shown in Figure 3. 


DISCUSSION 

The ideal method by which to perform angiographic 
analysis after coronary interventions, including balloon 
angioplasty and stenting, remains debatable. Although 
densitometry is independent of geometric shape, its ap- 
plication is limited in the presence of branch vessels that 
may cause errors in the background correction tech- 
nique and in situations where the x-ray beam is not per- 
pendicular to the long axis of the vessel. Additional clin- 
ical factors that contribute to the inaccuracy of densi- 
tometry include x-ray scatter, light scatter within the 
image intensifier (veiling glare) and beam hardening of 
the polychromatic x-ray flux because of iodine and tis- 
sue thickness. Discrepancies between edge detection and 
densitometry are most likely to occur when the shape of 
the vessel wall at the level of the lesion deviates furthest 
from a circular configuration, because this is a basic 
assumption in the calculation of minimal luminal cross- 
sectional area by edge detection. 


This study illustrates several important points. First, 


we have shown that a relation exists between the 2 
measurements at all stages of the procedure, but the 
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strength of this relation, based on the magnitude of the 
correlation coefficient, deteriorates after PTCA and 
then improves after stenting. Furthermore, although 
mean differences between the 2 methods were small in 
all analyses, the greatest variability and thus the poorest 
agreement occurred in the analysis after PTCA. The 
before and after PTCA results are in accordance with 
earlier observations by our group.’ At that time we sug- 
gested that measurement of cross-sectional area from a 
single view is inaccurate. Subsequent studies by Tobis et 
al'' comparing edge detection in 2 orthogonal views and 
by Lesperance et al!? comparing single versus the mean 
of multiple views have shown similar and high correla- 
tions both before and after PTCA. However, use of the 
correlation coefficient alone is not an adequate measure 
of agreement between 2 measurement techniques for 
several statistical reasons.'??° Determination of the 
mean and standard deviation of the between-method 
differences should be included in the analysis. 

Two factors probably contributed to the improved 
agreement after stent implantation. Vessel contours ap- 
peared more regular and smooth and in some cases inti- 
mal flaps appeared to be tacked back by the scaffolding 
property of this stent. However, even more important, 
the self-expanding property of this stent not only addi- 
tionally dilated the vessel, but also probably remodeled 
the stented segment into a more circular geometry. This 
has previously been shown in vivo after the implantation 
of coronary stents in animals and in some human coro- 
nary vessels (Figure 4, A, B and C). 

A potential limitation of densitometry in the analysis 
after stenting may be a spuriously high determination of 
minimal luminal cross-sectional area (up to 12% in the 





FIGURE 4. A, angiogram of left anterior descending artery 
stenosis after dissection (arrow) during percutaneous translu- 
minal coronary angioplasty. B, angiographic appearance of 
left anterior descending artery lesion after stenting showing 
smooth contour. C, in vitro intravascular ultrasound examina- 
tion of this vessel 24 hours after stenting (patient died from 
intracerebral hemorrhage 12 hours after stenting). The inner 
circle is due to intravascular probe. The outer echodense pat- 
tern is due to stent wires (large arrow). The lumen (small 
open arrow) is the echo-free space inside the stent. The stent 
effectively tacked back the dissection and restored the circu- 
lar configuration of the vessel (courtesy of Dr. Bernardino 
Tucillo). 


489 


phantom studies) because of interference from the stent 
itself. This is probably related to the composition of the 
stent, surface area or additional factors, such as in- 
creased scatter in the stenotic section because of the 
stent. Although the mean differences in minimal lumi- 
nal cross-sectional area between the edge detection and 
densitometry were small, the negative mean difference 
in the analysis after stenting (i.e., larger values by densi- 
tometry) in contrast to the positive mean difference af- 
ter PTCA can be partly explained by this contribution 
of the stent to the densitometrically determined values. 
The effect of other currently available stents should 
be separately assessed and considered in angiographic 
analyses using densitometry. 
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Frequency of Success and Complications of 
Coronary Angioplasty of a Stenosis at the 
Ostium of a Branch Vessel 


David W. Mathias, MD, Jodi Fishman Mooney, RN, MS, Helmut W. Lange, MD, 
Irvin F. Goldenberg, MD, Fredarick L. Gobel, MD, and Michael R. Mooney, MD 


The authors of this study hypothesized that percu- 
taneous transluminal coronary angioplasty of a ste- 
nosis at the ostium of a branch vessel, whether iso- 
lated or associated with a bifurcation stenosis, was 
associated with reduced procedural success and in- 
creased in-hospital complications. One hundred six 
patients with 119 ostial branch stenoses were com- 
pared with 1,168 patients who underwent angio- 
plasty of nonostial branch stenoses. An ostial 
branch stenosis was defined as a stenosis in the 
proximal 3 mm of a major branch vessel (diagonal 
[n = 58], posterior descending [n = 21], obtuse 
marginal [n = 34] and intermediate [n = 6]). The 
ostial branch stenosis was isolated in 61% of the 
patients and associated with a bifurcation stenosis 
in 39%. Despite a balloon to artery ratio of 1.05:1, 
angiographic success was 74% of ostial branch 
stenoses versus 91% of nonostial stenoses (p 
<0.01). Furthermore, angioplasty of ostial branch 
stenoses resulted in a complication rate of 13 ver- 
sus 5% for angioplasty of nonostial branch steno- 
ses (p <0.01). Therefore, angioplasty of ostial 
branch stenoses results in decreased procedural 
success and significant residual stenosis despite 
adequate balloon sizing, suggesting arterial elastic 
recoil and a significant increase in complications. 
(Am J Cardiol 1991;67:491-—495) 
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right coronary artery,' the left anterior descend- 

ing? and renal arteries’ have been associated with 
low technical success rates and increased complications. 
We have found that coronary angioplasty for a stenosis 
at the ostium of a branch coronary artery can also pre- 
sent technical difficulties. We therefore reviewed our 
experience in this subgroup of patients and sought to 
determine if angioplasty of a stenosis at the ostium of a 
branch coronary artery, regardless of whether it repre- 
sented an isolated ostial branch stenosis or a bifurcation 
stenosis, was associated with increased procedural risks, 
poorer overall results, and more frequent in-hospital 
complications. Furthermore, although double-wire and 
double-balloon techniques used for bifurcation stenoses 
have been shown to preserve side branch patency,*? 
there is little information as to their effect on successful 
dilation or prevention of angioplasty-related complica- 
tions attributable to dilation of the ostial branch vessel. 


P ercutaneous angioplasty for ostial lesions in the 


METHODS 

Patients: Between November 1987 and January 
1989, 1,274 patients underwent percutaneous translu- 
minal coronary angioplasty (PTCA) at the Minneapolis 
Heart Institute, Abbott Northwestern Hospital. Of 
these 1,274 patients, 106 patients with 119 stenoses in- 
volving the ostium of a branch coronary vessel were 
retrospectively identified. All patients demonstrated a 
>50% reduction in percent diameter within 3 mm of the 
bifurcation of a large epicardial coronary artery. Isolat- 
ed ostial branch stenoses (n = 65 patients) and bifurca- 
tion stenoses (n = 41 patients) were included for analy- 
sis. 

Procedure: Angioplasty was performed using stan- 
dard techniques in all patients. All patients were pre- 
medicated with aspirin and a calcium antagonist. Angi- 
oplasty was performed after 210,000 units of intrave- 
nous heparin were administered to obtain an activated 
clotting time of >300 seconds. The femoral approach 
was used in nearly all patients. Identical angiographic 
views, used for quantitative measurements, were ob- 
tained before and after PTCA, after the routine admin- 
istration of 100 to 200 ug of intracoronary nitroglycerin. 
The following coronary angioplasty techniques were 
used depending on the coronary anatomy present: (1) 
single-balloon and wire technique (n = 65), and (2) 
double-balloon technique (n = 41), with successive or 
simultaneous inflations. 
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TABLE I Demographic and Clinical Data 





Age (mean) 

Men/women (%) 

Clinical presentation 
Stable angina (%) 
Unstable angina (%) 
Recent AMI (%) 

Class Ill or IV angina 

Risk factors for CAD 
Cigarette smoking (%) 
Systemic hypertension 

>150 mm Hg systolic (%) 

Diabetes mellitus (%) 
Serum total cholesterol >200 mg/dl 
Family history (%) 

Previous CABG (%) 

Prior AMI (%) 


* p = difference not significant for all variables. 


40 (38) 


45 (42) 





Ostial 
Branch Stenosis 
(n = 106) 


Nonostial 
Branch Stenosis* 
(n = 1,168) 


61 + 10.2 
864 (74)/304 (26) 


62 + 10.7 
75 (71)/31 (29) 


36 (34) 
49 (46) 
16 (15) 
82 (77) 


467 (40) 
444 (38) 
327 (28) 
1,016 (87) 


69 (65) 
55 (52) 


747 (64) 
572 (49) 


12 (11) 
50 (47) 


117 (10) 
455 (39) 
514 (44) 
117 (10) 
537 (46) 


11 (10) 


AMI = acute myocardial infarction; CABG = coronary artery bypass surgery; CAD = coronary arterydisease. 





Data acquisition and analysis: Demographic, clini- 
cal, angiographic and follow-up data were obtained in 
all patients undergoing coronary angioplasty and were 
included in a computerized coronary angioplasty data 
base. 

Angiographic data obtained included the location of 
all significant coronary artery stenoses, quantitative 
measurements using a Hewlett-Packard electronic cali- 
per in 22 identical orthogonal views (percent diameter 
stenosis and balloon to artery ratio), lesion morphology, 
and the presence or absence of localized or propagating 
intimal dissection. An angiographically successful coro- 
nary angioplasty was defined by residual diameter ste- 
nosis <50%. In this study, if multivessel or bifurcation 
angioplasty was performed, success was determined by 
assessing residual stenosis in the ostial segment. 

The following in-hospital complications were ana- 
lyzed: abrupt closure, emergent coronary bypass, recur- 
rent angina, delayed closure, periprocedural myocardial 
infarction, delayed coronary bypass, repeat in-hospital 
PTCA and death. Clinical success was defined as angio- 


TABLE Il Percutaneous Transluminal Coronary Angioplasty: 
Procedure Data 


Nonostial 
Branch Stenosis 
(n = 1,553) 


Ostial 
Branch Stenosis 
(n=119) 


Technical PTCA success 88 (74%)* 1,413 (91%)* 
% diameter stenosis 
Before PTCA 


After PTCA 


72% 
28% 


74% 
35% 


Number of dilations (mean) 4 4 
Atmospheres (mean) 8 9 


134 seconds 
1.08:1 


100 seconds 
1.05:1 

58 (49%) 

21 (18%) 


Duration (mean) 
Balloon:artery ratio 
Diagonal 

Posterior descending 
Obtuse marginal 34 (29%) 
Intermediate 6 (4%) 


* p <0.01. 
PTCA = percutaneous transluminal coronary angioplasty. 
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graphic success plus none of the above-mentioned major 
complications occurring during the hospitalization. In 
patients with multivessel coronary angioplasty or bifur- 
cation lesions, complications were included in the analy- 
sis if they were clearly related to the angioplasty of the 
ostial branch stenosis. The data obtained from patients 
who underwent coronary angioplasty of a stenosis at the 
ostium of a branch vessel were compared with our gen- 
eral cohort of patients who underwent angioplasty of a 
lesion (or lesions) not localized at the ostium of a coro- 
nary side branch. 

Statistics: Continuous variables are expressed as 
mean + standard deviation. Chi-square analysis or 
Fisher exact tests were used to compare categorical 
variables. Differences were accepted as significant if the 
p value was <0.05. Analyses were performed on an 
IBM computer using SAS statistical packages. 


RESULTS 

The clinical, demographic and procedure data for 
the ostial and nonostial branch stenosis groups are listed 
in Tables I and II. Despite a mean of 4 fully inflated 
balloon dilations at 8 atm for 100 seconds each (balloon 
to artery ratio of 1.05:1), angiographic angioplasty suc- 
cess was obtained in 74% of the ostial versus 91% of the 
nonostial branch stenosis groups (p <0.01). Further- 
more, the complication rate (abrupt closure, emergency 
coronary artery bypass surgery, myocardial infarction 
or death—Table III) was 13% with angioplasty of ostial 
branch stenoses versus 5% for PTCA of nonostial 
branch stenoses (p <0.01). 

For patients with bifurcation ostial branch stenosis, 
a double-balloon technique was performed if the pri- 
mary vessel had an associated significant stenosis at the 
bifurcation. The outcome for the branch vessel was not 
affected by the specific angioplasty technique per- 
formed. Successful dilation of the ostial branch stenosis 
was obtained in 74% of the patients when a single-wire 
and balloon technique was used versus 78% when a dou- 
ble-balloon technique was used (difference not signifi- 


cant). The residual ostial stenosis in the bifurcation loon technique was used (6.3 vs 6.6%). The success rate 
cases was persistent throughout the procedure and did for the primary vessel in these bifurcation cases was 

~ not appear to be the result of “snow plowing” from dila- 91%. Complications in the primary vessel were 3%. 
rq tion of the primary vessel. In addition, there was no dif- Representative cases of coronary angioplasty of both 
ference in in-hospital complications when a double-bal- isolated ostial branch stenoses and ostial branch steno- 


TABLE Ill In-Hospital Complications 


Ostial Nonostial 
Branch Stenosis Branch Stenosis 
(n = 106) (n = 1,168) 


Abrupt closure (%) 
Emergent CABG (%) 
AMI (%) 
Death (%) 
Complications (abrupt closure, 
AMI, emergency CABG or death) (%) 


a 
p <0.01. 
CABG = coronary artery bypass graft surgery; AMI = acute myocardial infarction; PTCA = percutaneous transluminal coronary angioplasty. 








FIGURE 1. A 64-year-old man with a pre- 
vious anterior wall myocardial infarction 
(note the total occlusion of the left anterior 
descending coronary artery) underwent 
percutaneous transluminal coronary angi- 
oplasty (PTCA) of an ostial diagonal 
branch stenosis (A). Balloons, 2.5, 3.0 
and 3.5 mm were used (B). Again, despite 
a balloon to artery ratio of 1.2:1, the per- 
cent diameter stenosis of the ostial diago- 
nal branch was reduced from 76 to only 
64% after percutaneous transluminal cor- 
onary angioplasty (C). 


THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 1, 1991 493 


A B 


C 





FIGURE 2. A 69-year-old man with postinfarction angina after an anterior wall myocardial infarction underwent coronary angi- 
oplasty of a bifurcation stenosis involving the left anterior descending coronary artery and ostial diagonal branch (A). A 3.5-mm 
balloon in the left anterior descending artery was simultaneously inflated with a 2.5-mm fixed wire device in the diagonal branch 
(B). Although the percent diameter stenosis in the left anterior descending artery was reduced from 86 to 13%, the percent 
diameter stenosis in the diagonal branch was reduced from 80 to only 60% after percutaneous transluminal coronary angio- 


plasty (C). 


ses associated with bifurcation lesions are shown in Fig- 
ures 1 and 2. 

Follow-up (mean 7.8 + 5.9 months) was available in 
all patients. Of the 88 stenoses that were successfully 
dilated, repeat coronary arteriography was performed in 
19 patients (22%). A patent ostial segment was present 
in 6 patients and restenosis was present in 13 patients. 
Repeat coronary angioplasty was performed in 12 pa- 
tients, with a technical success of 75%. Clinical follow- 
up in this cohort of patients is difficult to evaluate ow- 
ing to the presence of multivessel disease in 85% of the 
patients. Nonetheless, chest pain was eliminated or im- 
proved in 72% of the patients, 2 patients required coro- 
nary bypass surgery, and only 2 patients had a myocar- 
dial infarction during the follow-up period. 


DISCUSSION 

PTCA of stenoses at the ostium of a branch coro- 
nary artery results in decreased procedural success de- 
spite adequate balloon sizing and increased in-hospital 
complications when compared with our general popula- 
tion of patients undergoing PTCA. Our findings are 
similar to those reported with ostial disease involving 
the renal,'° the right coronary,! and the left anterior 
descending coronary arteries. These studies have sug- 
gested that angioplasty for ostial disease is associated 
with decreased technical success, more complications 
and increased restenosis. Sos et al!° demonstrated that, 
despite guidewire passage and adequate balloon sizing 
and inflations, angioplasty of ostial renal artery stenoses 
resulted in a 10 to 20% success rate versus 75% for non- 
ostial disease. Topol et al! showed that PTCA of ostial 
right coronary artery stenoses produced reduced success 
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rates and increased complications when compared with 
nonostial lesions. Several studies have also suggested in- 
creased restenosis in patients with coronary ostial dis- 
ease. It would appear that an ostial stenosis, regard- 
less of its location in the vascular system, has unique 
properties that make it resistant to or unfavorable for 
angioplasty. Previous reports have demonstrated that 
side branch occlusion during coronary angioplasty oc- 
curs in 14 to 17% of cases, particularly in branches with 
preexisting ostial disease.!!-13 Because of this, various 
techniques have been proposed for coronary angioplasty 
of bifurcation stenoses such as double-wire and double- 
balloon techniques with successive or simultaneous bal- 
loon inflations.+-? Angioplasty success in these studies 
was determined by the outcome of the major epicardial 
vessel and not the branch vessel. In fact, the percent 
diameter stenosis before and after PTCA has not been 
reported for the branch vessel in any of these studies. 
Our data indicate that, although these techniques are 
useful in preserving side branch patency, they do not 
appear to improve the technical success of ostial branch 
coronary angioplasty, nor do they prevent subsequent 
ischemie complications of the branch vessel. 

The presence of significant residual stenosis in ostial 
branch lesions after angioplasty despite adequate bal- 
loon sizing suggests that the primary mechanism re- 
sponsible for technical failure is elastic recoil. Clearly 
defined regions of high and low wall shear stress are 
created at the apex of bifurcations and in the proximal 
branches.'* This increased shear stress at branch points 
may lead to an increase in elastic tissue, and account for 
elastic recoil after balloon inflations. To overcome this 
elastic recoil, balloon oversizing has been used in the 
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hope of optimizing results of PTCA. This strategy may 
lead to an increase in complications. Specific revascu- 
larization strategies for patients with ostial branch dis- 
ease should take into account these findings. Finally, 
newer therapeutic procedures such as coronary atherec- 
tomy, stents and laser should be evaluated as a potential 
measure to improve the treatment of ostial branch coro- 
nary artery disease. 


Acknowledgment: We thank Ellen Sawicki, RN, 
BS, for data collection, Lori Kilber, BS, for data entry, 
Howard Liang, MS, for statistical analysis, and Denise 
Evans for her assistance in preparation of this manu- 
script. 


REFERENCES 

1. Topol EJ, Ellis SG, Fishman J, Leimgruber P, Myler RK, Stertzer SH, O'Neill 
WW, Douglas JS, Roubin GS, King SB. Multicenter study of percutaneous 
transluminal angioplasty for right coronary artery ostial stenosis. J Am Coll 
Cardiol 1987;9:1214-1218. 

2. Whitworth HB, Pilcher GS, Roubin GS, Gruentzig AR. Do proximal lesions 
involving the origin of the left anterior descending artery have a higher restenosis 
rate after coronary angioplasty? (abstr) Circulation 1985;72(suppl II1):III-398. 
3. Dangoisse V, Guiterasval P, David PR, Lesperance J, Crepeau J, Dyrda 1, 
Bourassa MG. Recurrence of stenosis after successful percutaneous transluminal 


THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 1, 1991 


coronary angioplasty. Circulation 1982;66:331. 

4. George B, Myler R, Stertzer S, Clark D, Cote G, Shaw R, Fishman-Rosen J, 
Murphy M. Balloon angioplasty of coronary bifurcation lesions: the kissing bal- 
loon technique. Cathet Cardiovasc Diagn 1986;12:124-138. 

5. O'Keefe JH, Holmes DR, Reeder GS, Bresnahan DR. A new approach for 
dilation of bifurcation stenoses: the dual probe technique. Mayo Clin Proc 
1989;64:277-281. 

6. Zack PM, Ischinger T. Experience with a technique for coronary angioplasty of 
bifurcation lesions. Cathet Cardiovasc Diagn 1984;10:433-443. 

7. Nath A, Vetrovec GW, Cowley MJ, Newton M, Disciascio G, Mukharji J, 
Lewis SA. Double-wire angioplasty of the right coronary artery bifurcation steno- 
sis. Cathet Cardiovasc Diagn 1988;14:37-40. 

8. Myler RK, McConaway DR, Stertzer SH, Johnson W, Cumberland DC, 
Boucher RA, Hidalgo B. Coronary bifurcation stenoses: the kissing balloon probe 
technique via a single guiding catheter. Cathet Cardiovasc Diagn 1989;16:267- 
278. 

9. Oesterle SN. Angioplasty techniques for stenoses involving coronary artery 
bifurcations. Am J Cardiol 1988;61:299-329. 

10. Sos TA, Pickering TG, Sniderman K, Saddekni S, Case DB, Silane MF, 
Vaughan ED, Laragh JH. Percutaneous transluminal renal angioplasty in reno- 
vascular hypertension due to atheroma or fibromuscular dysplasia. N Engl J Med 
1983;309:274-279. 

11. Vetrovec GW, Cowley MJ, Wolfgang TC, Ducey KC. Effects of percutane- 
ous transluminal coronary angioplasty on lesion-associated branches. Am Heart J 
1985;109:921-925. 

12. Boxt LM, Meyerovitz MF, Taus RH, Ganz P, Friedman PL, Levin DC. Side 
branch occlusion complicating percutaneous transluminal coronary angioplasty. 
Radiology 1986;161:681-683. 

13. Meier B, Gruentzig AR, King SB, Douglas JS, Hollman J, Ischinger T, 
Aueron F, Galan K. Risk of side branch occlusion during coronary angioplasty. 
Am J Cardiol 1984;53:10-14. 

14. Saltissi S, Webb-Peploe MM, Coltart DJ. Effect of variation in coronary 
artery anatomy on distribution of stenotic lesions. Br Heart J 1979;42:186-191. 


495 


oS i a Ae] 








Pericardial Effusion After Intravenous 
Recombinant Tissue-Type Plasminogen Activator 
for Acute Myocardial Infarction 


Robert N. Belkin, MD, Daniel B. Mark, MD, MPH, Lynn Aronson, BS, Hanna Szwed, MD, 
Robert M. Califf, MD, and Joseph Kisslo, MD 


The effect of thrombolytic therapy on the frequen- 


cy, time course and sequelae of pericardial effusion 
after myocardial infarction are unknown. A pro- 
spective, serial, 2-dimensional echocardiographic 
study of patients with myocardial infarction who 
received recombinant tissue-type plasminogen acti- 
vator (rt-PA) was undertaken to address this issue. 
The study population comprised 52 of the 112 pa- 
tients enrolled in the first Thrombolysis and Angio- 
plasty in Myocardial Infarction trial at Duke Uni- 
versity Medical Center. Enrollment in the serial 
echocardiography protocol was determined by 
equipment and support staff availability. Complete 
echocardiographic studies were performed within 
90 minutes after initiation of thrombolytic therapy 
(day 0), and on days 1, 3 and 6. Patients undergo- 
ing serial echocardiography did not differ in demo- 
graphic or clinical characteristics from those who 
did not. Pericardial effusion was present in 3 of 38 
patients (8%) at day 0, in 2 of 44 (5%) at day 1, in 
8 of 43 (19%) at day 3, and in 10 of 42 (24%) at 
day 6. By day 6, 3 of 10 pericardial effusions were 
moderate in size, 1 of 10 was large and the re- 
mainder were small. No patients developed echo- 
cardiographic or hemodynamic signs of cardiac 
tamponade. The prevalence and time course of 
pericardial effusion among patients with acute 
myocardial infarction who received rt-PA in this 
study are similar to observations reported in earlier 
studies in which patients did not receive thrombo- 
lytic therapy. Adverse sequelae of pericardial effu- 
sion after thrombolytic therapy are rare. 

(Am J Cardiol 1991;67:496-500) 
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up to one-third of patients in the first week after 
acute myocardial infarction.!-4 Despite this fre- 
quency, serious clinical sequelae of pericardial effusions 
after myocardial infarction are rare.'!~> Recent studies 
have not shown an important effect of conventional 
anticoagulant therapy on the frequency or consequences 
of such effusions.'-> However, several cases of hemody- 
namically significant hemopericardium after anticoagu- 
lant therapy (even in the absence of free wall rupture) 
have been reported.5-8 
Thrombolytic therapy has recently become standard 
care for patients with acute myocardial infarction.? One 
recent observational study suggested that urokinase 
therapy does not increase the prevalence of pericardial 
effusion evident on day 3.4 However, there are no other 
data describing the effects of thrombolytic therapy on 
the frequency and sequelae of pericardial effusion after 
thrombolytic therapy. To address this issue, we conduct- 
ed a prospective, serial, 2-dimensional echocardiograph- 
ic study of patients with acute myocardial infarction 
who received intravenous recombinant tissue-type plas- 
minogen activator (rt-PA). 


P ericardial effusion has been reported to develop in 


METHODS 

Patients: Subjects were drawn from patients with 
acute myocardial infarction who entered the first 
Thrombolysis and Angioplasty in Myocardial Infarction 
(TAMI-I) trial at Duke University Medical Center. 
The TAMI-I protocol has been described previously.!° 
Briefly, all patients received rt-PA at entry. Coronary 
angiography was performed 90 minutes after initiation 
of thrombolytic therapy. Patients with a patent infarct- 
related artery (Thrombolysis in Myocardial Infarction 
[TIMI] flow grade 2 or 3) were randomized either to 
immediate coronary angioplasty or to deferred angio- 
plasty at day 7. Patients with persistent occlusion in the 
infarct-related artery (TIMI flow grade 0 or 1) were 
not randomized and underwent immediate angioplasty 
if technically and clinically appropriate.!° 

Thrombolytic and anticoagulant therapy: Patients 
received a total dose of 150 mg of intravenous rt-PA 
administered over 6 to 8 hours (10% as a bolus with a 
total of 60 mg or 1 mg/kg given over the first hour). 
Patients randomized to immediate angioplasty received 
a heparin bolus of 5,000 U. All patients received 500 to 
1,000 U of intravenous heparin per hour (to keep the 
partial thromboplastin time 1.5 to 2 times control) for 





FIGURE 1. Parasternal long-axis view of a posterior echo-free 
space corresponding to pericardial effusion (PE). AO = aorta; 
LA = left atrium; LV = left ventricle. 


>24 hours. All patients also received 325 mg of oral 
aspirin and 75 mg of oral dipyridimole 3 times per day. 

Echocardiography: Serial echocardiography was 
performed on patients entering the TAMI-I study at 
Duke, as permitted by equipment and support staff 
availability. Echocardiography was scheduled for imme- 
diately after initiation of rt-PA (day 0), and on days 1, 
3 and 6 after entry. All studies were performed with a 
Hewlett-Packard phased-array echocardiographic sys- 
tem. Each study comprised a complete 2-dimensional 
examination with a 2.5-MHz transducer. Echocardio- 
grams were read in consensus by 2 experienced observ- 
ers. Studies were read out of sequence and with readers 
blinded to patient identity and clinical data. 

Diagnostic criteria: The echocardiographic diagnosis 
of pericardial effusion required the presence of an echo- 
free space posterior to the left ventricle on the paraster- 
nal long- and short-axis views throughout the cardiac 
cycle (Figure 1). We carefully differentiated this find- 
ing from descending aorta, pleural effusion, left ventric- 
ular pseudoaneurysm and other causes of false-positive 
diagnosis. The presence of an anterior echo-free space 
alone was not deemed sufficient to make the diagnosis 
of pericardial effusion, because of the poor specificity of 
this finding.'! No echocardiographic technique accu- 
rately determines the volume of a pericardial effusion. !! 
However, an attempt was made to quantitate approxi- 
mately the magnitude of the pericardial effusion. The 
effusion was considered small if the greatest depth of 
the echo-free space posterior to the left ventricle was 
<0.5 cm, moderate if >0.5 cm and <1.5 cm, and large 
if >1.5 cm. 

When pericardial effusion was demonstrated, studies 
were examined for echocardiographic evidence of cardi- 
ac tamponade, i.e., early diastolic right ventricular col- 
lapse and late diastolic or early systolic right atrial 
collapse. !2:!3 

Left ventricular systolic function was assessed echo- 
cardiographically using a previously described regional 
wall motion grading system and a semiquantitative wall 
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TABLE I Comparison of Patients Who Underwent 
Echocardiography Versus Patients Who Did Not 


Echocardiography No Echocardiography 
(n = 52) (n = 60) 


44 (85) /8 (15) 47 (78)/13 (22) 
53+ 10 55+ 10 
3221.1 Ke A. 


Men /women (%) 

Age (yr) 

Pain duration (hours) 

AMI location 
Anterior (%) 

Inferior (%) 

Infarct artery 

Left anterior descending 
(%) 

Left circumflex (%) 

Right (%) 
TIMI grade at 90 minutes 
0(%) 
1 (%) 
2(%) 
3(%) 
IRA patency + Rx group 
Closed, acute PTCA (%) 
Closed, no acute PTCA 
(%) 

Open, randomized acute 
PTCA (%) 

Open, randomized 
deferred PTCA (%) 

Open, not randomized 
(%) 

Reocclusion (%) 

CABG 
Emergent (%) 

Urgent (%) 
Elective (%) 3 (6) 8 (13) 

Death (%) 3 (6) 4(7) 

AMI = acute myocardial infarction; CABG = coronary artery bypass graft surgery; 


IRA = infarct-related artery; PTCA = percutaneous transluminal coronary angio- 
plasty; Rx = treatment; TIMI = Thrombolysis in Myocardial Infarction. 


21 (40) 
31 (60) 


25 (41) 
35 (59) 
21 (40) 25 (41) 


10 (19) 
21 (40) 


8 (14) 
28 (46) 


15 (29) 
3 (6) 
11 (21) 
23 (44) 


13 (22) 
5 (8) 
8 (13) 

34 (57) 


14 (27) 
1 (2) 


15 (25) 
1 (2) 


17 (33) 12 (20) 


8 (17) 
11 (21) 


19 (32) 
13 (22) 
7 (14) 9(15) 


1 (2) 
3 (5) 


3 (6) 
0 





motion index.'* Briefly, the left ventricle was divided 
into 13 segments, using the 6 standard echocardio- 
graphic views. Wall motion in each segment was graded 
visually for degree of endocardial thickening and inward 
motion: 1 = normal, 2 = mild/moderate hypokinesia, 3 
= severe hypokinesia or akinesia, 4 = dyskinesia. Seg- 
ments in which <50% of the endocardial surface could 
be visualized in any view were excluded. A wall motion 
index was calculated as the sum of segment scores di- 
vided by the number of segments adequately visualized. 


RESULTS 

Patient characteristics: Fifty-two of the 112 pa- 
tients entering the TAMI-I trial underwent serial echo- 
cardiography: 38 patients had a complete baseline (day 
0) study, and 44, 43 and 42 had complete echocardio- 
graphic studies on days 1, 3 and 6, respectively. Overall, 
complete studies were possible on all 4 days for 36 pa- 
tients, on 3 of 4 days for 15 patients and on 2 days for 1 
patient. 

Characteristics of the patients who underwent serial 
studies are compared with those who did not in Table I. 
The group who underwent serial echocardiography did 
not differ importantly from those who did not in demo- 
graphic features, infarct location or TIMI grade 90 
minutes after rt-PA infusion. On the other hand, a high- 
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ENTRY DAY 1 


FIGURE 2. Percentage of patients undergoing echocardiogra- 
phy who were found to have a pericardial effusion acutely 
(day 0) and on days 1, 3 and 6. Numbers of patients with effu- 
sion (numerator) and number with an adequate echocardio- 
graphic study (denominator) on each day are shown. 


er proportion of patients who did undergo serial echo- 
cardiography underwent immediate angioplasty. Never- 
theless, the proportion ultimately leaving the catheter- 
ization laboratory with a patent infarct-related ar- 
tery was the same (98%) for each group, whether ac- 
complished through emergency angioplasty or solely 
through thrombolytic therapy. Table I also compares 
the frequency of clinical events between patients who 
did and did not undergo serial echocardiography. Al- 
though small differences are present, patients included 
in the echocardiographic portion of this study appear 
generally representative of the trial population enrolled 
in TAMI-I. 

Pericardial effusion: Figure 2 shows the prevalence 
of pericardial effusion on each day of the study. At the 
time of the acute study (i.e., within 90 minutes of rt-PA 
infusion), 3 of 38 patients (8%) were noted to have peri- 
cardial effusion. Over the subsequent week, the preva- 
lence of patients with pericardial effusion increased, and 
by day 6, 10 of 42 (24%) had 2-dimensional echocardio- 
graphic evidence of pericardial effusion. 

All pericardial effusions noted acutely (day 0) and 
on days 1 and 3 were small. On day 6, 6 of 10 pericardi- 
al effusions were small, 3 of 10 were moderate and only 
1 was large. No patient had or subsequently developed 
clinical signs of tamponade. 

Clinical findings in patients with and without peri- 
cardial effusion are shown in Table II. Patients with 
pericardial effusion were more often female. Anterior 
infarctions were slightly more frequent in patients with 
effusions, although the echocardiographic wall motion 
index did not differ at baseline or on day 6. The in- 
hospital death rate was not significantly different be- 
tween the 2 groups, although there was a trend toward 
lower mortality in the effusion group. The 2 groups 
were otherwise similar. 


DISCUSSION 

This report describes the first prospective serial 
echocardiographic study of pericardial effusion in pa- 
tients with acute myocardial infarction who received 
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TABLE lf Characteristics of Patients With and Without 
Pericardial Effusion 


Pericardial No Pericardial 
Effusion Effusion 
(n= 15) (n = 37) 


Male (%) 10 (67) 34 (92) 
Age (yr) 56411 5510 
AMI location 










































Anterior (%) 7 (47) 14 (38) 
Inferior (%) 8 (53) 23 (62) 
TIMI grade at 90 minutes 
0(%) 5 (33) 10 (27) 
1(%) 1(7) 2 (5) 
2(%) 4 (27) 7 (19) 
3(%) 5 (33) 18 (49) 
IRA patency + Rx group 
Closed, acute PTCA (%) 5 (33) 9 (24) 
Closed, no acute PTCA (%) 0 1 (3) 
Open, randomized acute PTCA (%) 4(27) 13 (35) 
Open, randomized deferred PTCA (%)  4(27) 5 (14) 
Open, not randomized (%) 2 (13) 9 (24) 
Wall motion index (mean + SD) 
Baseline 1.57 +0.42 1.68 +0.48 
Day 6 1.47 +0.38 143+0.41 
In-hospital death (%) 0 3 (8) 





SD = standard deviation; other abbreviations as in Table |. 


thrombolytic therapy. Pericardial effusion was found 
frequently in this group, occurring in 24% within the 
first week after infarction. 

This study is limited by the lack of a control group 
who were not receiving thrombolytic therapy. Such pa- 
tients were rare at Duke Medical Center during the pe- 
riod in which this study was performed. For this reason, 
comparison with previously published studies in conser- 
vatively treated patients is necessary. 

Comparison with previous studies: The frequency 
and time course of pericardial effusion noted here is 
similar to findings of several studies in which patients 
did not receive thrombolytic therapy. Pierard et al! 
found effusions in 26% of patients, using serial 2-dimen- 
sional echocardiography in the first week after infarc- 
tion. Galve et al? found effusions in 25% of patients 3 
days after infarction and in 21% at 10 days, using M- 
mode techniques. Recently, Sugiura et al* reported a 
25% prevalence of pericardial effusion at day 3 after 
myocardial infarction. A somewhat higher prevalence of 
37% was detected by Kaplan et al? with M-mode echo- 
cardiography. All effusions occurred by day 5. In con- 
trast, Wunderink!> found effusions in only 5.6% of pa- 
tients within the first 3 days after myocardial infarction. 

The peak prevalence of 24% found in the present 
study is similar to figures reported by Pierard, Galve, 
Sugiura and their co-workers, but differs from the val- 
ues reported by Kaplan et al and Wunderink. Part of 
this disparity may represent technique. Both of these 
latter studies used M-mode echocardiography, whereas 
the present report details findings with 2-dimensional 
echocardiography. M-mode may be superior in detect- 
ing very small effusions, because of increased axial reso- 
lution,'':!® although such small effusions are generally 
not clinically important. Other factors may importantly 
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limit both the sensitivity and specificity of M-mode 
echocardiography in the diagnosis of pericardial effu- 
sion.'!! This technique may be underinclusive, because 
only a limited region of the heart is visualized. It 
could also be overinclusive, because contiguous struc- 
tures such as the aorta, pleural fluid and subepicardial 
adipose may not be easily distinguished from pericardial 
effusion with M-mode echocardiography. These factors 
may in part explain the noted disparities. Additionally, 
Wunderink did not obtain echocardiograms after day 3 
from patients who did not have effusions by that time 
and thus may have underestimated the prevalence rela- 
tive to studies, such as ours, with longer follow-up. 

Effects of systemic anticoagulation and thrombolyt- 
ic therapy: Several recent studies retrospectively exam- 
ined the effect of systemic anticoagulation on pericardi- 
al effusion formation. Galve et al? found no difference 
between patients treated with full- and low-dose hepa- 
rin. Pierard et al! and Wunderink!> found no difference 
in the frequency of systemic anticoagulation among pa- 
tients with and without pericardial effusion. In a study 
of postmyocardial infarction patients with pericardial 
effusion who were treated with systemic anticoagulation 
for left ventricular thrombus, no patient developed an 
enlarged pericardial effusion.!’ On the other hand, 
Guberman et al® described 5 acute myocardial infarc- 
tion patients who received bolus heparin therapy and 
developed acute hemorrhagic tamponade within the 
first few days of presentation. The total number of 
acute myocardial infarction patients from which these 5 
were drawn was not reported. From a review of earlier 
reports, however, Chalmers et al! concluded that anti- 
coagulation in acute myocardial infarction patients does 
not increase the risk of hemorrhagic tamponade. 

No previous studies have prospectively evaluated 
pericardial effusion formation with serial echocardiog- 
raphy in the setting of thrombolytic therapy. In an early 
series reviewed retrospectively for such effects, 4 pa- 
tients were noted to have received streptokinase (route 
of administration unspecified); 1 of 4 developed an effu- 
sion.'> More recently, Sugiura et al* studied 330 consec- 
utive patients with acute Q-wave myocardial infarction, 
103 of whom received intravenous or intracoronary uro- 
kinase. Thirty-three percent of the patients with pericar- 
dial effusion on day 3 received urokinase, compared 
with 31% of patients without an effusion, suggesting 
that thrombolytic therapy had no effect on the inci- 
dence of pericardial effusions developed after acute 
myocardial infarction. 

The apparent lack of effect of systemic anticoagula- 
tion or thrombolytic therapy on the rate of development, 
time course and clinical sequelae of pericardial effusion 
after acute myocardial infarction is perhaps surprising. 
Streptokinase therapy in patients mistakenly diagnosed 
with acute myocardial infarction, who in reality have 
inflammatory pericarditis, may lead to the development 
of effusion and even tamponade.!?° If the etiology of 
pericardial effusion after myocardial infarction were in- 
deed inflammatory, anticoagulant or thrombolytic ther- 
apy might be expected to lead to similar consequences. 
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In >1,000 patients with acute myocardial infarction 
treated with thrombolytic therapy in the ongoing multi- 
center TAMI trials, not 1 case of cardiac tamponade 
unrelated to cardiac rupture has been observed (R. M. 
Califf, personal communication, October 1990). Recent 
reports, however, clearly show a lack of association be- 
tween postinfarction pericardial effusion and typical 
pericarditic pain or rub.>?! In contrast, positive associ- 
ations have been made between effusion and anterior 
infarct location, larger infarct size, more severe left ven- 
tricular dysfunction, congestive heart failure and ven- 
tricular arrhythmias.'~? Sugiura et alt reported that pa- 
tients with acute myocardial infarction who had a peri- 
cardial effusion on day 3 have higher pulmonary wedge 
pressures, lower cardiac outputs and more severe wall 
motion abnormalities than patients with myocardial in- 
farction without an effusion. Available clinical data, 
then, suggest a hemodynamic etiology for postmyocar- 
dial infarction pericardial effusion, which may explain 
the lack of adverse consequences after systemic antico- 
agulation or thrombolytic therapy, or both. 

Differences between patients with and without peri- 
cardial effusion: As has been reported previously, effu- 
sions in the present study were more frequent in anteri- 
or than inferior infarctions.':? Patients with pericardial 
effusion were more likely to be female, a finding not 
previously reported and without clear explanation. Our 
echocardiographic wall motion index did not differ sub- 
stantially between those with and without effusions. 
This differs with the findings of Pierard et al,! who re- 
ported a more abnormal echocardiographic wall motion 
index in patients with pericardial effusion. The cause 
for this disparity is not certain, although some amount 
of myocardial salvage due to the administration of early 
thrombolytic therapy may have made such a trend more 
difficult to detect. 
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Comparison of the Efficacy of Questran Light, a 
New Formulation of Cholestyramine Powder, to 
Regular Questran in Maintaining Lowered 
Plasma Cholesterol Levels 


William Insull, Jr., MD, Norman R. Marquis, PhD, and Michael C. Tsianco, PhD 


Sixty-one men with known hypercholesterolemia 


(plasma cholesterol >265 mg/dl), most of whom 
were previous participants in the Coronary Primary 
Prevention Trial of the U.S. Lipid Research Clinic 
Program, were chosen to take part in this study to 
test the effectiveness of a new low-calorie (Ques- 
tran® Light) cholestyramine formulation against the 
proven effectiveness of the currently marketed for- 
mulation Questran in maintaining lowered plasma 
cholesterol levels. The study recorded changes in 
fasting plasma lipids, total cholesterol, high-density 
lipoprotein cholesterol, triglycerides, and calculated 
low-density lipoprotein cholesterol. After establish- 
ing baseline lipid/lipoprotein levels in a 3-week pe- 
riod during which all participants received the cur- 
rently marketed formulation, the men were ran- 
domized into 2 groups, 1 group (n = 31) taking the 
new Questran Light formulation of 4 g of cholesty- 
ramine in 5 g of powder per pack, while the other 
group (n = 30) continued to take the marketed 
Questran formulation of 4 g of cholestyramine in 9 
g of powder per pack. Each group consumed a total 
of 24 g/day of cholestyramine in 2 divided doses. 
At the end of the maintenance phase of the study 
there were no statistically significant mean changes 
in percentage from baseline to end-point lipid/lipo- 
protein levels within either group, nor were there 
any significant differences between the Questran 
Light group or the currently marketed Questran 
formulation group. The new low-calorie cholestyra- 
mine formulation appears to be equally as effective 
in maintaining lowered plasma cholestero! levels as 
the currently marketed formulation. 

(Am J Cardiol 1991;67:501-—505) 
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density lipoprotein (LDL) cholesterol, have been 

implicated in the development of atherosclero- 
sis.!-!0 LDL cholesterol reductions by diet and drugs, 
including bile-acid sequestrants such as Questran®, have 
reduced coronary artery disease, slowed development, 
and caused regression of coronary artery lesions.!!-!> 
Bile-acid sequestrants are drugs of first choice.!© Poor 
patient adherence, which may compromise an agent of 
proven pharmacologic value,'!’ may be addressed by re- 
formulation of the medication. 

This study examines the effectiveness of a new for- 
mulation of cholestyramine powder, with reduced vol- 
ume and caloric content (Questran Light), to maintain 
reduced plasma cholesterol levels in hypercholesterol- 
emic men by comparing it with regular Questran. 


| Tres plasma cholesterol levels, especially low- 


METHODS 

This study’s design used initiation with active treat- 
ment (phase I), then randomization to test in parallel 
the 2 formulations (phase II). Sixty-six hypercholester- 
olemic men were enrolled. Five withdrew and were ex- 
cluded from analysis because of fatal myocardial infarc- 
tion,! refusing medication,' gastritis,! constipation! and, 
after a week of the new formulation, constipation and 
dyspepsia.' The 61 remaining men reported here includ- 
ed 2 who completed the 3-week test period and then 
withdrew: 1 taking regular Questran withdrew because 
of constipation and hemorrhoids and | taking Questran 
Light withdrew because he refused medication. Forty- 
nine of the 61 men had participated in the Lipid Re- 
search Clinic’s Coronary Primary Prevention Trial with 
good medication adherence. 

All subjects were free-living, ostensibly healthy, be- 
tween the ages of 42 and 68 years, had elevated plasma 
cholesterol and LDL cholesterol levels in the >95th per- 
centile, and had not received any lipid-altering drugs for 
3 months. After completing an informed consent form, 
medical history and physical examination, counseling 
was given on medication adherence by proven tech- 
niques.'' They were counseled by conventional clinical 
practices to maintain the American Heart Association’s 
phase I or II low-fat, low-cholesterol diets that matched 
closest to their current diets. Three-day food records 
were scored to evaluate dietary compliance.'* Other 
drugs or diet supplements, e.g. fiber, with lipid effects 
were not allowed. Medications for other medical rea- 
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Treatment 


Original 
Formulation 
(n = 30) 


New Formulation 
(n= 31) 


Cholesterol Mean SEM Mean SEM 


p Value* 


All Completin 


g Patients 
Total (mg/dl) 96 226 7.2 
LDLt (mg/dl) 
HDL# (mg/dl) 
HDL / total (%) 
Triglycerides (mg/dl) 


Original 
Formulation 
(n = 23) 


New Formulation 
(n = 26) 


Total (mg/dl) 

LDL-C! (mg/dl) 

HDL-C? (mg/dl) 

HDL /total (%) 

Triglycerides (mg/dl) 202 


* Significance of 1-way analysis of variance F statistic at 1, 59 degrees of freedom. 
t Low-density lipoprotein cholesterol (calculated) = total cholesterol — (HDL + 
trigycerides /5). 
High-density lipoprotein cholesterol. 
LRC/CPPT = Lipid Research Clinic/Coronary Primary Preventional Trial; SEM = 
standard error of the mean. 





sons were maintained at the same dosage and were re- 
corded. 

Phase I, a 3-week baseline period with 3 clinic visits, 
allowed all subjects to stabilize on regular Questran. 
Phase II consisted of 4 weeks of randomized testing of 2 
parallel treatment groups in which the plasma lipid 
maintaining efficacy of the new low-calorie formulation 
of powdered cholestyramine was compared with the 
regular formulation. Clinic visits occurred after cumula- 
tive treatment periods of 1, 3 and 4 weeks, respectively 
(i.e., study weeks 1, 3 and 4). 

The first treatment group continued the regular cho- 
lestyramine formulation (Questran) containing 4 g of 
resin and 5 g of sucrose and excipients totaling 9 g of 
powder per packet. The second treatment group was 
given the new formulation (Questran Light) containing 
4 g of cholestyramine with aspartame and excipients to- 
taling 5 g of powder per packet. All subjects took 3 
packets twice daily, totaling 24 g/day of cholestyra- 
mine. The 3 packets were taken within 30 minutes of 
the morning and evening meals. Compliance was evalu- 
ated by packet counts. The caloric content of Questran 
Light and regular Questran was 1.6 and 14 calories per 
packet, respectively, producing treatment group differ- 
ence in caloric intake of 74.4 calories/day. The estimat- 
ed group difference in calorie intake over 28 days, 2,083 
calories, potentially yields an insignificant difference in 
body weight of 0.27 k (74.4 kcal X 28 days divided by 
7,700 kcal/k of adipose tissue). 

Laboratory tests were performed at the beginning 
and the end of the 7-week study: urinalysis, blood count, 
and a panel of serum biochemical measures (SMAC 
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Treatment 


Original 
Formulation 
(n = 30) 


New Formulation 
(n= 31) 


Cholesterol Mean SEM Mean SEM pValue* 


All Completing Patients 
9.6 6.7 


Total (mg/dl) 241 223 

LDLt (mg/dl) 155 8.8 141 6.3 
HDL* (mg/dl) 45 1.7 47 1.8 
HDL /total (%) 20 1.1 21 0.9 


Triglycerides (mg/dl) 207 17.8 178 14.6 
* Significance of 1-way analysis of variance F statistic at 1, 59 degrees of freedom. 
t Low-density lipoprotein cholesterol (calculated) = total cholesterol — (HDL + 
triglycerides /5). 
High-density lipoprotein cholesterol. 
Abbreviations as in Table I. 


13). At each clinic visit, fasting plasma lipids were mea- 
sured using standardization and quality control under 
the Centers for Disease Control Lipid Standardiza- 
tion Program: total cholesterol, high-density lipoprotein 
(HDL) cholesterol, triglycerides, the calculated LDL 
cholesterol and the ratio of HDL cholesterol to total 
cholesterol. 

Baseline values were defined as the last determina- 
tions before randomization. The rationale for not aver- 
aging the baseline determinations is explained in the 
Results section. End-point lipid values were defined as 
the average of the 2 final determinations at the third 
and fourth weeks of phase II.!° 

Paired ¢ tests were used to assess changes from base- 
line to end point for all lipids. Two-sample ¢ tests and 
analysis of covariance were performed to test the null 
hypothesis of no difference between treatments in actual 
change as well as percent change from baseline to end 
point. Confidence intervals of 90% were used to estab- 
lish that the new formulation was not substantially less 
effective than the regular formulation (i.e., within 20%). 
The approach used is analogous to that used in bio- 
equivalence studies.*? The Stuart-Maxwell statistic and 
the Sign test were used to analyze changes from pre- to 
poststudy laboratory data. Medical history and physical 
examination data were examined by the chi-square test. 
Related demographic and dosing information were 
compared by the 2-sample ż test. 


RESULTS 

Thirty men taking the regular cholestyramine and 
31 men taking the new low-calorie cholestyramine com- 
pleted the study. At baseline, no significant differences 
between the treatment groups were noted for age, 
weight, height, blood pressure, race, medical histories, 
prestudy physical examination or diet scores. The mean 
durations of phases I and II were 20 and 29 days, re- 
spectively. During the comparison of treatments there 
were no significant differences between the groups in 
body weight, diet scores, medical history and physical 
examination data. Adherence to the prescribed medica- 
tions was high, stable, and not different between the 





TABLE Ill Mean Lipid /Lipoprotein Change from Baseline to 
End Point 


Treatment 


Original 
Formulation 
(n = 30) 


New Formulation 
(n= 31) 


Cholesterol Mean SEM Mean SEM _ pValue* 


Total 
Change (mg/dl) 
Change (%) 


+4.2 
+2.2 
LDL 

Change (mg/dl) 

Change (%) 
HDL# 

Change (mg/dl) 

Change (%) 
HDL / total (%) 

Change 

Change (%) 
Triglycerides 

Change (mg/dl) +144 

Change (%) +11.4 

* Significance of 1-way analysis of variance F statistic at 1, 59 degrees of freedom. 
Hy vention /B. lipoprotein cholesterol (calculated) = total cholesterol — (HDL + 


High-density lipoprotein cholesterol. 
Abbreviations as in Table II. 


+2.7 
+3.4 


eig 
—2.8 


-0.8 
—4.1 





treatment groups for weeks 1, 3 and 4 (mean 91.4% 
with Questran Light and 93.1% with regular Questran). 
The groups’ mean adherences during baseline were at 
study week —1, 70 and 76%; and study week 0, 85 ver- 
sus 93%, this latter intergroup difference with p = 0.05. 
Transient adverse events were reported 7 times in each 
treatment group and were not different from those pre- 
viously reported for regular Questran. 

The 2 treatment groups demonstrated no significant 
differences in the mean baseline plasma concentrations 
of total, HDL, LDL and triglyceride levels, and the 


TABLE V Plasma Lipids—Mean Lipid Values* by Visit 


Study HDL 
Week Cholesterol Cholesterol 





TABLE IV 90% Confidence Intervals for Differences in 
Percent Change Between Intervals 


90% Confidence Limits for New Formulation 
Minus Original Formulation 
Cholesterol 


Lower Limit (%) Upper Limit (%) 


All Completing Patients 


Total 
LDLt 
HDL# 
HDL / total 


Triglycerides 
* These values bound the extent to which the new formulation could be worse than 
the currently marked formulation, with 90% confidence. 
t pirea lipoprotein cholesterol (calculated) = total cholesterol — (HDL + 


triglycerides / 
KA Panigr lipoprotein cholesterol. 


HDL/total cholesterol levels, and these findings were 
not altered by inclusion of nonparticipants in the Coro- 
nary Primary Prevention Trial (Table I). All subjects 
demonstrated decreases in LDL and total cholesterol 
from screening levels to baseline levels. The mean end- 
point lipid values of the 2 treatment groups were quite 
similar (Table II). 

The comparisons of the 2 formulations were based 
on comparison of the changes from baseline to end- 
point lipid values for both treatment groups, and the 
absolute and percent changes (Table III). There were 
no statistically significant differences between the 2 
groups for any of the lipid values. However, all of the 
changes from baseline to end point favored the new over 
the regular formulation. 

The absence of a statistically significant difference 
does not necessarily imply equivalence. The power of 
the statistical tests, or confidence intervals, must also be 
considered. Table IV lists 90% confidence intervals for 
the differences between the 2 formulations with respect 
to percent change. The intervals are constructed around 


HDL Total 
Cholesterol 


Calculated 


LDLt Triglycerides 


Old Formulation 


* mg/dl. 
t See Figure 1. 
HDL = high-density lipoprotein cholesterol; LDL = 
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the difference, new minus old. Large positive differences 
in total and LDL cholesterol or triglyceride levels would 
imply superiority of the regular formulation. Large neg- 
ative differences in HDL or HDL/total cholesterol 
would also imply superiority of the regular formulation. 
The values marked with an asterisk in Table IV show 
that from this study one can be 90% confident that the 
new formulation is not substantially less effective than 
the regular formulation on all of these parameters. 
These values might actually imply a slight superiority 
for the new formulation over the regular formulation, 
although there is not a statistically significant differ- 
ence. 

The mean lipid values by study weeks for the 2 
groups demonstrate the prompt reduction of cholesterol 
levels by cholestyramine (Table V). However, the new 
low-calorie formulation (Questran Light) apparently 
exhibits a slight advantage. Figure 1 suggests that LDL 
cholesterol values were stabilized by study week —1 in 
the group that was later randomized to the original for- 
mulation, but not until study week 0 in the group later 
randomized to the new formulation. For this reason, 
baseline was defined as the study week 0 determinations 
rather than the average of the study week —1 and 0 
determinations. 

The clinical laboratory tests showed no significant 
differences before or after the distribution of values and 
in the number of positive and negative changes and 
showed no trends in change. 

The adverse experiences reported were not remark- 
ably different than previously reported for Questran, 
consisting almost exclusively of gastrointestinal distur- 
bances. During phase II of the study, 8 of 31 patients 
(26%) reported adverse experiences with the regular 
formulation, compared with 6 of 32 patients (19%) with 
the new formulation. This difference is not significant. 


DISCUSSION 
This study demonstrates that the efficacy of the new 
formulation of cholestyramine (Questran Light) is 
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J = Old Formulation (mean + SE) 


X = New Formulation (mean + SE) 


FIGURE 1. Effect of Questran Light 
and regular Questran on calculated 
plasma low-density lipoprotein 
(LDL) levels. Values are means + 
standard error (SE) of the mean of 
average of determinations in weeks 
3 and 4 of 4-week study. 


equivalent to the efficacy of the regular formulation of 
Questran in maintaining Questran-induced reduction of 
LDL cholesterol. The new formulation shows the same 
primary lipid alteration repeatedly demonstrated with 
regular cholestyramine, i.e., reduction in plasma LDL 
cholesterol. With high and stable adherence to the med- 
ications, there were no adverse experiences different 
from those previously reported for Questran. 

Although trends for lower LDL and higher HDL 
cholesterol between the 2 treatment groups appear evi- 
dent at the end of the baseline period, and prior to ran- 
domization, such group differences, if true, would not 
influence the end-point measure of this study. The end- 
point measure for each lipid evaluated the treatment ef- 
fect for each subject individually, i.e., the difference be- 
tween the lipid level at baseline and the mean level after 
3 and 4 weeks of test treatment. 

Significant practical advantages for Questran Light 
have been achieved by the new formulation. A consum- 
er preference for Questran Light has been reported.?! A 
test panel preferred Questran Light over regular Ques- 
tran when mixed with water or orange juice, 77 and 
80%, respectively. It was rated higher using a hedonic 
scale including flavor, consistency, mouth feel and after- 
taste. It is less bulky to carry, and the volume of liquid 
required for suspension is half that of regular Questran. 
Dosing twice a day is realistic. The reduction in caloric 
content has reduced its potential for impairing weight 
control. 

The equal lipid efficacy of the Questran Light, and 
the sensory preference for it, has clinical significance for 
physicians treating hypercholesterolemia, because bile- 
acid sequestrants, including cholestyramine, have been 
recommended as first choice lipid-altering agents owing 
to safety and efficacy.'© Cholestyramine therapy has re- 
duced progression of atherosclerotic lesions.'? The bile- 
acid sequestrants in combination therapies have caused 
regression of coronary lesions of atherosclerosis.'4!> Fa- 
cilitating the clinical use of cholestyramine by the for- 
mulation as Questran Light makes bile-acid sequestrant 
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therapy more accessible to the practicing physician for 
controlling hypercholesterolemia in the treatment and 
prevention of atherosclerosis. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Characteristics of Accessory Pathways 
Exhibiting Decremental Conduction 


Challon J. Murdock, MB, BS, James W. Leitch, MB, BS, Wee Siong Teo, MB, BS, 
Arjun D. Sharma, MD, Raymond Yee, MD, and George J. Klein, MD 


The prevalence, electrophysiologic characteristics 
and functional significance of decremental conduc- 
tion over an accessory pathway were examined in 
this retrospective study of 653 patients who had an 
accessory pathway demonstrated at electrophysio- 
logic study. Decremental conduction was identified 
in 50 patients (7.6%). In 15 patients with antero- 
grade decremental conduction, the accessory path- 
way was right parietal or septal in 14 patients and 
left parietal in 1 patient. In the 40 patients with 
retrograde decrement, the accessory pathway was 
left parietal in 19, posteroseptal in 13, right pari- 
etal in 2 and right anteroseptal in 6 patients. An- 
terograde conduction over the accessory pathway 
was absent in 11 of the 40 patients with retro- 
grade decrement. Retrograde conduction over the 
accessory pathway was absent in 9 patients with 
anterograde decrement. There was no significant 
difference in the accessory pathway effective re- 
fractory period, or shortest cycle length with 1:1 
conduction over the accessory pathway in antero- 
grade and retrograde directions. The shortest RR 
interval in atrial fibrillation between 2 preexcited 
QRS complexes was longer in patients wih antero- 
grade decremental conduction than in a control 
group of patients with anterograde-conducting ac- 
cessory pathways without decremental properties. 

These data demonstrate that decremental con- 
duction over accessory pathways is uncommon. 
Anterograde decremental conduction usually occurs 
in right-sided or septal pathways that often do not 
conduct in the retrograde direction. 

(Am J Cardiol 1991;67:506-510) 
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typically rate-independent, with ventriculoatrial 
or atrioventricular conduction time remaining 
constant during incremental pacing and extrastimulus 
testing.!-° This electrophysiologic feature helps distin- 
guish accessory pathway conduction from atrioventricu- 
lar nodal conduction. Rate-dependent prolongation of 
accessery pathway conduction has been described in a 
small number of patients and both continuous and dis- 
continuous conduction curves have been identified.4+-!° 
This retrospective study defines the prevalence of 
rate-dependent accessory pathway conduction in 653 
patients with accessory pathways, describes the elec- 
trophysiologic characteristics of accessory pathways 
exhibiting rate-dependent conduction, and assesses the 
functional significance of anterograde decremental con- 
duction. 


(C iria velocity over an accessory pathway is 


METHODS 

Patients: Between 1981 and 1989, 653 patients with 
an accessory pathway underwent electrophysiologic 
study at University Hospital. Patients who were identi- 
fied as having decremental accessory pathway conduc- 
tion, as defined later, were evaluated. 

Electrophysiologic study procedure: The method of 
study has been described in detail elsewhere.” Briefly, 
after obtaining written, informed consent, patients had 
multipolar electrode catheters positioned under local an- 
aesthetie at the high right atrium, right ventricular 
apex, His recording position and the coronary sinus. 
The coronary sinus catheter consisted of a quadripo- 
lar catheter with 1 cm of electrode spacing. Unipolar 
electrograms were obtained from each of the poles of 
the coronary sinus catheter and filtered from 0.05 to 
400 Hz. Bipolar electrograms were also obtained from 
paired coronary sinus, right atrial, right ventricle and 
His catheter electrodes and filtered at 40 to 400 Hz. 
Stimulation consisted of right atrial and right ventricu- 
lar extrastimulus testing and incremental pacing. The 
electrophysiologic study was recorded on magnetic tape. 
The taped electrophysiologic study recordings were re- 
played on a Siemens 16-channel mingograph chart re- 
corder at paper speed 100 mm/s. 

Anterograde conduction properties: After atrial ex- 
trastimulus testing and atrial incremental pacing, intra- 
cardiac intervals were measured and plotted graphically 
(Figure 1, A and B). The atrial and ventricular electro- 
grams measured were those recorded closest to the ori- 
gin of the accessory pathway. 


Retrograde conduction properties: After ventricular 
extrastimulus testing and incremental pacing, intracar- 
diac intervals were measured and plotted graphically. 
Again, the intervals between atrial and ventricular 
electrograms closest to the accessory pathway were 
measured. 

Control population: To compare locations of acces- 
sory pathways and the functional significance of antero- 
grade decrement, patients with decremental accessory 
pathways were compared with 163 consecutive patients 
with accessory pathways without decremental conduc- 
tion undergoing electrophysiologic study between Janu- 
ary 1988 and January 1990. 

Definitions: Decremental accessory pathway con- 
duction was considered present if the following criteria 
were Satisfied: (1) There was rate-dependent prolonga- 
tion of ventriculoatrial or atrial-delta wave intervals by 
>30 ms as measured in the electrograms nearest the 


FIGURE 1. A, right atrial (RA) extrastim- 
ulus testing in a patient with a right pari- 
etal accessory pathway. Note that the V;- 
V2 interval is 50 ms longer than A;-A2 in- 
terval. Preexcitation is still present after 
the atrial extrastimulus. The delta wave to 
delta wave interval in this patient is identi- 
cal to the V,-V>2 interval. Five surface 
leads (1,11,111,V1,V.), right ventricular (RV), 
right atrial and His bundle (His) recordings 
are shown. B, graph of local A;-Az inter- 
val (ms) versus V;-V2 intervals measured 
during right atrial extrastimulus testing in 
the same patient. The nonlinear relation 
indicates anterograde decrement over the 
accessory pathway. A = atrial electro- 
gram; V = ventricular electrogram. 


Siggy Oa 





accessory pathway, or (2) Wenckebach anterograde or 
retrograde block could be demonstrated over the acces- 
sory pathway (Figure 2). In addition, evidence for the 
decrement occurring over the accessory pathway as op- 
posed to the normal conducting system was considered 
to be persistence of a delta wave (anterograde) and ec- 
centric retrograde atrial activation, with decrement oc- 
curring at the site of the shortest ventriculoatrial inter- 
val (retrograde). In the case of septal accessory path- 
ways where retrograde conduction could be confused 
with retrograde atrioventricular nodal conduction, pro- 
gressive decrement after induction of nonpreexcited 
atrioventricular reentrant echo cycles or tachycardia 
was considered to occur over the accessory pathway. 
Also, prolongation of the ventriculoatrial interval after 
ventricular extrastimuli delivered during atrioventricu- 
lar reentrant tachycardia at a time when the His bundle 
was refractory and without change in the retrograde ac- 


A1-A2 


(ms) 





THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 1, 1991 507 





_— CC rrr EEE 


tivation sequence was considered to occur over the ac- 
cessory pathway. 

Statistical analysis: Continuous variables were com- 
pared using the unpaired Student’s ¢ test. Accessory 
pathway locations in control and study populations were 
compared with an exact 3 by 4 table test. Results were 
considered statistically significant if the p values (2 
tailed) were <0.05. 


RESULTS 

Decremental accessory pathway conduction was 
identified in 50 patients (7.6%). There were 29 men and 
21 women (mean age + standard deviation 36 + 14 
years, range 13 to 68). The presentation in these pa- 
tients was with atrioventricular reciprocating tachycar- 
dia (19 patients), atrial fibrillation (9 patients), atrial 
fibrillation and atrioventricular-reciprocating tachycar- 
dia (5 patients), permanent form of junctional recipro- 
cating tachycardia (6 patients), palpitations (5 patients) 
and palpitations and syncope (1 patient). Five patients 
were asymptomatic and studied as part of an ongoing 
natural history study.!! The clinical tachycardia was in- 
duced in all patients at electrophysiologic study. Pa- 
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tients with atrioventricular reentry all had ventriculo- 
atrial intervals of <160 ms apart from the patients with 
the permanent form of junctional reciprocating tachy- 
cardia in whom the ventriculoatrial intervals ranged 
from 175 to 360 ms (mean 276 + 64). 

Decremental conduction was present in an antero- 
grade direction only in 10 patients, retrograde direction 
only in 35 patients and in both directions in 5 patients. 
Decremental conduction was greatest during extrastim- 
ulus testing in 41 patients and during incremental pac- 
ing in 9 patients. 

Patients with anterograde decremental conduction 
(Table I): The shortest cycle length maintaining 1:1 an- 
terograde conduction over the accessory pathway was 
326 + 57 ms and the anterograde accessory pathway 
effective refractory period was 281 + 42 ms. Retro- 
grade conduction over the accessory pathway could not 
be demonstrated in 9 of the 10 patients. The retrograde 
accessory pathway effective refractory period was <255 
ms and the shortest cycle length with 1:1 conduction 
over the accessory pathway was 340 ms in the remain- 
ing 1 patient with intact retrograde conduction. The 
maximal prolongation of the atrial electrogram—delta 


FIGURE 2. Electrophysiologic recordings 
from a patient with a left parietal accesso- 
ry pathway. A = atrial electrogram; V = 
ventricular electrogram. A, right atrial 
(RA) straight pacing at cycle length of 280 
ms. Note that the 


that the Wenckebach block is occurring in 
the accessory pathway. B, right ventricu- 
lar (RV) extrastimulus testing shows pro- 
longation of the ventriculoatrial interval 
with the extrastimulus. The same eccen- 


interval occurs with the repetitive ventric- 
ular response that follows the extrastimu- 
lus. Four surface leads (I1,111,V;,V.¢), right 
ventricular, right atrial, His bundle (His), 
proximal coronary sinus (CSp) and distal 
coronary sinus (CSd) recordings are 
shown. A = atrial electrogram; V = ven- 
tricular electrogram. 


wave interval—was 72.5 + 38 ms. Anterograde accesso- 
ry pathway conduction curves were continuous in all 
cases. The locations of anterograde decremental path- 
ways were significantly different from the locations of 
the accessory pathways in the control population (p 
<0.001) (Table II). Anterograde decremental conduc- 
tion occurred almost entirely in right-sided and septal 
pathways. 

Functional significance of anterograde decremental 
conduction: The 15 patients with anterograde decre- 
mental conduction were compared with the 131 patients 
with anterograde-conducting accessory pathways in the 
control group. The shortest RR interval between 2 
preexcited QRS complexes in atrial fibrillation in pa- 
tients with anterograde decremental accessory pathways 
was 288 + 44 ms compared with 251 + 65 ms in the 
control group (p = 0.04). The shortest RR interval was 
between 200 and 250 ms in 3 of the 15 patients with 
anterograde decremental pathways and >250 ms in the 
remaining 12 patients. 

Retrograde decremental conduction: The shortest 
cycle length maintaining 1:1 retrograde conduction over 
the accessory pathway was 292 + 52 ms and the retro- 
grade accessory pathway effective refractory period was 
268 + 37 ms. Anterograde conduction over the accesso- 
ry pathway was absent in 8 patients and preexcitation 
was intermittent in 3 patients. In the remaining pa- 
tients, the shortest cycle length maintaining 1:1 antero- 
grade conduction over the accessory pathway was 263 
+ 61 ms and the accessory pathway effective refractory 
period was 273 + 28 ms. Differences in anterograde 
and retrograde conduction were not significant. The 
maximal prolongation of the ventriculoatrial interval 
was 44.0 + 30 ms. The degree of retrograde decremen- 
tal conduction was thus less than the anterograde decre- 
mental conduction (p <0.05). Again, retrograde acces- 
sory pathway conduction curves during ventricular ex- 
trastimulus testing were continuous in all cases. The 
locations of retrograde decremental pathways was simi- 
lar to the locations of accessory pathways in the control 
group (p = 0.98). 

Decremental conduction in both anterograde and 
retrograde directions: In patients with both antero- 
grade and retrograde decrement (n = 5), the shortest 
cycle length maintaining 1:1 anterograde conduction 
over the accessory pathway was 290 + 27 ms and the 
anterograde accessory pathway effective refractory peri- 
od was 285 + 20 ms. The shortest cycle length main- 
taining 1:1 retrograde conduction over the accessory 
pathway was 275 + 34 ms and the retrograde accessory 
pathway effective refractory period was 260 + 28 ms. 
One patient had anterograde and retrograde decrements 
over a left parietal accessory pathway. This was the only 
patient in whom the anterograde decrement could be 
demonstrated over a left parietal accessory pathway 
(Figure 2). 


DISCUSSION 

Decremental conduction occurring over accessory 
pathways has been reported infrequently.*'° The preva- 
lence of this phenomenon in our large series of patients 





TABLE I Electrophysiologic Characteristics in Patients with 
Decremental Conduction 


Anterograde 
Conduction 


Retrograde 
Conduction 


Anterograde decrement 
Conduction over AP (no. of pts.) 6 
SCL 1:1 (ms) 285+ 43 
APERP (ms) 259 + 28 
Decrement (ms) -— 
Retrograde decrement 
Conduction over AP (no. of pts.) 40 
SCL 1:1 (ms) 290 + 51* 
APERP (ms) 267 + 36 
Decrement (ms) — 
* p =0.09. 
AP = accessory pathway; APERP = accessory pathway effective refractory period; 


SCL 1:1 = shortest paced cycle length maintaining 1:1 conduction over the accesso- 
ry pathway. 


TABLE Ill Accessory Pathway Location 


Retrograde 
Decrement 
(n = 40)* 


Anterograde 
Decrement 
(n= 15)(%) 


Control 
(n=171)t 


Left parietal 19 (48) 86 (50) 
Posterioseptal 13 (33) 55 (32) 
Right parietal 2 (5) 10 (6) 

Right anteroseptal 6 (15) 20 (12) 


p <0.001 


* Five patients had both anterograde and retrograde decrements. 
t Eight patients had 2 accessory pathways. 





was 7.6%, confirming that its occurrence is uncommon. 
Decremental conduction over an accessory pathway has 
typically been associated with the presence of a nodo- 
ventricular fiber,!?-!* the permanent form of junctional 
reciprocating tachycardia and as an electrophysiolog- 
ic phenomenon discovered incidentally at electrophysio- 
logic study.’~? In this study, a clinical pattern consistent 
with a nodoventricular fiber was present in 9 patients 
(18%). Four of these patients have undergone ablative 
surgery, at which time the pathways were demonstrated 
to be right parietal accessory pathways and not nodo- 
ventricular pathways in all cases. The permanent form 
of junctional reciprocating tachycardia was present in 6 
patients (12%) and decremental conduction over the ac- 
cessory pathway was an incidental finding at electro- 
physiologic study in the remaining 35 patients (70%). 

Decremental conduction rarely occurred in both the 
anterograde and retrograde directions within the same 
pathway. Where decremental conduction was present in 
1 direction, conduction was often absent in the other. 
These findings suggest that conduction over the accesso- 
ry pathway in anterograde and retrograde directions is 
functionally distinct. Where conduction was bidirec- 
tional, there was a slight tendency for the shortest cycle 
length maintaining 1:1 conduction over the accessory 
pathway to be shorter in the direction in which decre- 
ment was absent. 

Rate-independent conduction over accessory path- 
ways may lead to rapid ventricular rates during atrial 
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fibrillation. Patients with anterograde decremental ac- 
cessory pathways did have slower ventricular rates in 
atrial fibrillation than the control group with nondecre- 
mental accessory pathways. Despite this difference be- 
tween the groups, 3 patients with decremental conduc- 
tion had a shortest RR interval of <250 ms, indicating 
that decremental conduction did not protect all patients 
from potentially dangerous ventricular rates during atri- 
al fibrillation. 

The explanation for the occurrence of decrement 
over an accessory pathway is not known. In previously 
reported cases, the pathway has been located in close 
proximity to the atrioventricular node, raising the possi- 


bility that the pathway is an atrioventricular node-like 


structure.^!0 In reported pathologic studies of pa- 
tients with decrementally conducting accessory path- 
ways, atrioventricular node-like cells have been identi- 
fied in some cases.'? These are invariably cases with 
septal or right parietal accessory pathways. Septal path- 
ways were present in 22 of the patients (44%) in this 
study. Decremental conduction over the accessory path- 
way in | direction but not the other may be due to ac- 
cessory pathway geometry or accessory pathway fiber 
orientation. Special catheter techniques to record acces- 
sory pathway potentials and more accurately define 
pathway location have led to the suggestion that many 
accessory pathways run an oblique course.!® Pathologic 
examination of a septal accessory pathway in a patient 
who had the permanent form of junctional reciprocating 
tachycardia has been reported.'’ In this case, the acces- 
sory pathway took a serpiginous course, providing fur- 
ther support that accessory pathway geometry may con- 
tribute to decremental conduction. A role for impedance 
mismatch between the accessory pathway and the atri- 
um or ventricle has also been suggested.!9-!8 

The site of decrement could not be definitely deter- 
mined with the methods used in this study. Conduction 
delay could have potentially occurred in the atrial or 
ventricular myocardium between the accessory pathway 
and recording electrodes. By measuring intervals at sites 
close to the origin and insertion of the accessory path- 
way, the likelihood that the decrement occurred in the 
atrium or ventricle and not over the accessory pathways 
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was minimized. Support for decremental conduction oc- 
curring at the site of an accessory pathway, as demon- 
strated by recording accessory pathway potentials, has 
been provided previously.!° 
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Usefulness of d, | Sotalol for Suppression of 





Chronic Ventricular Arrhythmias 


Maria |. Anastasiou-Nana, MD, Edward M. Gilbert, MD, Ronald H. Miller, MD, 
Steven Singh, MD, Roger A. Freedman, MD, Deborah L. Keefe, MD, 
Sanjeev Saksena, MD, Daniel J. MacNeil, MD, and Jeffrey L. Anderson, MD 


Sotalol is a unique 6-blocking drug, possessing sig- 


nificant class Ill antiarrhythmic activity. The effica- 
cy and safety of 2 doses of sotalol (320 and 640 
mg/day, divided in 2 doses) were compared to pla- 
cebo in a 6-week randomized, double-blind, multi- 
center study of 114 patients with chronic ventricu- 
lar premature complexes (VPCs) at frequencies of 
=30/hour. Sotalol significantly reduced VPCs in 
patients receiving both low (n = 38) and high (n = 
39) doses, compared with patients (n = 37) receiv- 
ing placebo (by 75 and 88%, respectively, vs 10%; 
p <0.001, sotalol vs placebo; p <0.05, high vs low 
dose). The individual efficacy criterion (>75% VPC 
reduction) was achieved in 34% of low-dose and 
71% of high-dose sotalol versus 6% of placebo- 
treated patients (p <0.003, sotalol vs placebo; p = 
0.007, high vs low dose). Repetitive beats were 
suppressed 25% by placebo (difference not signifi- 
cant), 80% by low-dose (p <0.003) and 78% by 
high-dose sotalol (p <0.005). Sotalol decreased 
heart rate (by 24 to 25%, p <0.001) and increased 
PR (by 4 to 6%, p <0.001) and corrected JT inter- 
vals (by 12 to 13%, p <0.001), but did not change 
ejection fraction. Proarrhythmia (nonfatal) occurred 
in 3 sotalol and in 2 placebo patients. Nine discon- 
tinued therapy because of adverse effects (1 low 
dose and 8 high dose, p <0.02). In summary, sota- 
lol is an efficacious antiarrhythmic drug for VPC 
suppression; in lower doses, it is somewhat less ef- 
fective but better tolerated. 

(Am J Cardiol 1991;67:511-516) 
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threshold experimentally! and reduce rates of 
th sudden and total cardiac death in survivors 
of myocardial infarction.*© Sotalol is a nonselective 8- 
adrenergic receptor antagonist without sympathomi- 
metic or membrane-stabilizing activity that also pos- 
sesses class III antiarrhythmic activity.’-? It lengthens 
cardiac action potential without affecting conduction 
and increases canine ventricular fibrillation threshold. 
Sotalol, administered both orally and intravenously,’~!° 
has been reported to be effective in the conversion of 
supraventricular arrhythmias,'!!* and to act against 
ventricular arrhythmias.!3-16 Importantly, sotalol is re- 
ported to be effective for sustained or life-threatening 
ventricular arrhythmias,'’~?! and shows modest success 
for secondary prevention after myocardial infarction.? 
However, well-controlled trials are still needed to quan- 
tify the degree of sotalol’s ventricular antiarrhythmic ef- 
fects and to assess safety and tolerance. The present 
study was conducted to fulfill this need. An interim re- 
port consisting of an analysis of the first one-half of the 
study patients was previously presented.!* 


JRs e drugs increase ventricular fibrillation 


METHODS 

Patient selection: Patients aged 218 years, with 
> 30 ventricular premature complexes (VPCs) per hour 
on a 48-hour baseline electrocardiographic recording, 
for whom therapy was recommended (for reduction of 
symptoms or perceived mortality risk) were candidates 
for the study. Patients were excluded for advanced heart 
failure (functional class IV, ejection fraction <30%, 
lack of response to diuretics or digoxin, or cardio- 
thoracic ratio 20.65), asthma, chronic pulmonary dis- 
ease requiring medication, prior adverse reactions to 6 
blockers, serum creatinine 23 mg/dl, uncontrolled sys- 
temic hypertension (diastolic pressure 2120 mm Hg), 
unstable angina, myocardial infarction within 3 months 
and infective endocarditis. 

Rhythm exclusions were heart rate at rest averaging 
<50 beats/min, sinus pauses 22.5 seconds, second- or 
third-degree atrioventricular block, sick sinus syndrome, 
bundle branch block, significant supraventricular ar- 
rhythmia, digitalis intoxication arrhythmia, corrected 
QT interval 20.45 second or PR interval 20.24 second, 
rhythm requiring pacemaker or emergency therapy, 
sustained ventricular tachycardia (>30 seconds, >120 
beats/min) and primary ventricular fibrillation. 

Concurrent antiarrhythmic medications, 6 blockers 


_gnd drugs prolonging the QT interval (e.g., tricyclic 
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No. of 
Study group Patients 


Placebo 
Sotalol 
Low dose 
(320 mg/day) 
High dose 
(640 mg/day) 


Cardiac Diagnosis (%) 


CAD SH 


CAD = coronary artery disease; | = idiopathic; LVEF = left ventricular ejection fraction; SH = systemic hypertension; VHD = valvular heart disease. 
Mean values are + standard deviation. 


antidepressants) were not allowed. Institutional approv- 
al and informed consent were required before study 
entry. 

Study design: The study was designed as a 6-week 
parallel, double-blind, randomized, placebo-controlled 
trial, comparing 2 doses of sotalol with placebo in sup- 
pression of chronic VPCs. 

WEEK ONE: SCREENING BASELINE PHASE: Previous anti- 
arrhythmic drugs were discontinued for 24 half-lives. 
Arrhythmia screening consisted of 2 consecutive 24- 
hour ambulatory recordings (218 analyzable hours in 
each). Recordings were analyzed blindly by Cardio 
Data Systems (Haddonfield, New Jersey). Medical his- 
tory, physical examination, 12-lead electrocardiogram, 
chest x-ray, 20-channel blood chemistry testing, com- 
plete blood count and urinalysis were performed. Rest- 
ing left ventricular ejection fraction was measured with 
equilibrium-gated radionuclide ventriculography. 

WEEK TWO: SINGLE-BLIND, PLACEBO-BASELINE PHASE: 
One placebo tablet was given every 12 hours and a 48- 
hour ambulatory recording was obtained sometime be- 
tween the third and seventh days. Interval history, car- 
diovascular examination and electrocardiogram were 
obtained. 

WEEKS THREE TO SIX: DOUBLE-BLIND ACTIVE TREATMENT 
PERIOD: Patients were randomized to receive 160 or 320 
mg of sotalol or placebo twice daily. Early (“first pass”) 
treatment effects were determined by a 24-hour ambu- 
latory recording obtained on day 2 after initiation of 
sotalol (week 3). Final efficacy assessment was made in 
week 6 by a 48-hour ambulatory recording. Laboratory 
tests, electrocardiography and radionuclide ventriculog- 
raphy were repeated. 

Definition of efficacy: Effective suppression was de- 
fined as 275% reduction in total VPCs/hour or 290% 
reduction in repetitive VPCs/hour or ventricular tachy- 
cardia events per day on the final (6-week) recording, 
or all, compared with the 48-hour placebo-baseline re- 
cording. 

Statistical methods: Because arrhythmia frequen- 
cies were not normally distributed, responses were 
compared statistically after logarithmic transformations 
[In(VPCs/hour + 0.25)]. Analysis of variance was per- 
formed for repeated measures (i.e., at screening base- 
line, placebo-baseline and early and final treatment 
phases) for each group (placebo and sotalol, low and 
high doses). Pairwise comparisons were then made be- 
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tween time phases within groups by Wilcoxon’s test for 
nonparametric analysis. Comparisons of arrhythmia re- 
sponse (defined for individual patients by the ratios of 
frequencies during final or early treatment and placebo- 
baseline phases) were made among the 3 groups with 
the Cochran-Mantel-Hanszel analysis. Student’s paired 
t test was used to assess changes in electrocardiographic 
intervals, heart rate and blood pressure during therapy. 
The Fisher exact text was used to test for differences in 
the incidence of on-treatment conditions among the 3 
groups. Average percent suppression for a treatment 
group was obtained by averaging the individual patient 
values in that group for simple percent suppression. A p 
value $0.05 (2-tailed hypothesis) was considered statis- 
tically significant. 


RESULTS 

Comparison of baseline characteristics: A total of 
178 patients underwent ambulatory monitoring screen- 
ing. Of these, 126 qualified and entered the single-blind 
placebo-baseline phase. Criteria for randomization were 
met in 114, who entered the double-blind treatment 
phase. Baseline characteristics of patients in the placebo 
and the 2 sotalol groups were similar (Table I). The 
mean frequency of total and repetitive VPCs did not 
differ among groups (343 vs 382/hour vs 352 and 5.3/ 
hour vs 7.2 vs 8.5/hour, respectively, Table II). Left 
ventricular ejection fraction was also similar (53 vs 51 
vs 55%). Of the 114 patients, 12 were excluded from the 
primary efficacy analysis—9 for protocol violations (3 
in each group) and 3 for miscellaneous reasons (1 
bradycardia and syncope, 1 bradycardia, and 1 death 
from myocardial infarction). Thus, 102 patients could 
be assessed for efficacy, 96 for the initial period and 92 
for the final efficacy period. All 114 patients entering 
double-blind treatment were assessed for safety. 

Results for final treatment phase: TOTAL VENTRICU- 
LAR PREMATURE COMPLEXES PER HOUR: A successful result 
was obtained at the 6-week end point for suppression of 
total VPCs for low-dose (p <0.001) and high-dose (p 
<0.001) sotalol-treated patients but not for placebo- 
treated patients (p = 0.77). Total VPCs/hour were re- 
duced only 10% by placebo (from 343/hour at placebo- 
baseline to 315/hour at final Holter recording), 75% by 
160 mg of sotalol per day (320 mg/day, from 382 to 
94/hour) and 88% by 320 mg of sotalol twice per day 
(640 mg/day, from 352 to 38/hour) (Figure 1, Table 


TABLE Il Group Response of Ventricular Arrhythmias 


Placebo-Baseline 
TVPCs/RVPCs/VT 
Log. Mean Frequency 
[95% CL] 


Treatment Group 


(n) 


Placebo 
(32) 
Sotalol 
320 mg/day 
(32) 
Sotalol 
640 mg/day 
(28) 


343 / 53 / 103 
(248, 474] (2.4, 11.5][3.7, 28.3] 
382 AAA OES 
(278, 525] (2.9, 17.1][7.7, 59.5] 


352 8.5 11.4 
(246, 506] (4.7, 15.2][5.7, 22.7] 


TVPCs/RVPCs/VT 


80 (79) / 2.2(69) / 1.9(92) 


Final Treatment 
TVPCs/RVPCs/VT 

Log. Mean Frequency 

(% Suppression vs Placebo- 
Baseline)* 

[95% CL] 


Early Treatment 


Log. Mean Frequency 

(% Suppression vs Placebo- 
Baseline)* 

[95% CL] 


310(6) / 4.5(9) / 5.2(25) 
(211, 455) [1.8, 10.6] [1.4, 18.3] 


315(10) / 4.2 (25) / 6.0 (41) 

[211, 468] (1.4, 8.8] (2.3, 15.2] 
94(75) / 1.5(80) / 2.0 (91) 
[50, 177] [0.5, 3.4] [0.5, 6.4] 


[32, 199] [0.8, 5.4] [0.6, 5.3] 


54(85) / 1.2(83) / 0.8(90) 
[26, 112] (0.5, 2.4] [0.3, 1.8] 


38 (88) / 1.4(78) / 1.8(82) 
[17, 82] [0.6, 3.1] [0.6, 5.2] 


* Percent average suppression obtained by averaging values for individual percent suppression. 
CL = confidence limits; Log. = logarithmic; RVPCs = repetitive ventricular premature complexes per hour; TVPCs = total ventricular premature complexes per hour; VT = 


unsustained ventricular tachycardia events. 
TVPCs and RVPCs are given per hour; VT events are given per day. 


II). The percent reduction of total VPCs per hour 
achieved by either dose of sotalol differed significantly 
from placebo (p <0.005, for both comparisons). Sup- 
pression was also significantly greater with 640 mg of 
sotalol per day than with 320 mg of sotalol per day (p 
<0.05). 

Individual efficacy (275% VPC suppression) was 
achieved in 6% of placebo patients (2 patients), 34% of 
low-dose sotalol (n = 11, p <0.003 vs placebo), and 
71% of high-dose sotalol patients (n = 20, p <0.001 vs 
placebo, p = 0.007 vs low dose) (Figure 2, Table II). 

REPETITIVE VENTRICULAR PREMATURE COMPLEXES: Sig- 
nificant differences between placebo and sotalol were 
also evident for reductions in repetitive VPCs per hour 
and ventricular tachycardia events per day. Repetitive 
VPCs were reduced only 25% by placebo, 80% by low- 
dose sotalol (p <0.003) and 78% by high-dose sotalol (p 
<0.005) (Figure 1, Table II). 
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FIGURE 1. Comparative responses of total ventricular prema- 
ture complexes (T VPCs) and repetitive VPCs (R VPCs) per 
hour and ventricular tachycardia (VT) events per day to sota- 
lol and placebo. Left column, percent reduction in average 
hourly T VPCs in placebo (PL), low-dose sotalol (SL) and high- 
dose sotalol (SH) groups. Middle and right columns, percent 
reduction in average hourly R VPCs and daily VT events, re- 
spectively, in the same groups. * p <0.05 vs PL; ** p <0.05 
vs SL and PL. 
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Individual efficacy (290% suppression of repetitive 
VPCs) was achieved in 18% of placebo patients (n = 5), 
52% of low-dose (n = 14, p <0.01 vs placebo) and 44% 
of high-dose sotalol patients (n = 12, p <0.05 vs place- 
bo) (Figure 2, Table III). 

Suppression of daily ventricular tachycardia events 
generally paralleled the response for repetitive VPCs 
(Figures 1 and 2, Tables II and III). 

Results for early treatment phase: The early effica- 
cy of treatment was assessed between days 2 and 3 of 
double-blind therapy. Total VPCs were reduced by 6% 
early during therapy by placebo (difference not signifi- 
cant), 79% by low-dose sotalol (p <0.001) and 85% by 
high-dose sotalol (p <0.001, Table II). Thus, the effica- 
cy of sotalol was virtually completely achieved within 
the first 2 to 3 days of dosing. 

Early suppression of repetitive VPCs per hour aver- 
aged 9% with placebo (difference not significant), 69% 
with low-dose (p = 0.004) and 83% with high-dose sota- 
lol (p <0.001). Ventricular tachycardia events were re- 
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FIGURE 2. Percentage of patients, left column, achieving 
>75% reduction in total ventricular premature complexes (T 
VPCs); middle column, 290% reduction in repetitive VPCs (R 
VPCs); and, right column, in ventricular tachycardia (VT) 
events in placebo (PL), low-dose sotalol (SL) and high-dose so- 
talol (SH) groups (comparing and 6-week re- 
cordings). * p <0.05 vs PL; ** p <0.05 vs SL and PL. 
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TABLE Ill Percentage of Patients Reaching Target 
Suppression* at Final Assessment 


Total Repetitive 
Treatment Group VPCs/Hour VPCs/Hour VT Events/Day 
(no. of pts.) %(n) % (n) % (n) 


Placebo (32) 6 (2/32) 18 (5/28) 32 (6/19) 

Sotalol 347(11/32) 521(14/27) 61(11/18) 
320 mg/day (32) 

Sotalol 7¥ (20/28) 44(12/27) 
620 mg/day (28) 


45 (9/20) 


VPCs = ventricular premature complexes; VT = ventricular tachycardia (23 
successive VPCs, =120 beats/min). 





duced by 44% (difference not significant), 92% (p = 
0.001) and 90% (p = 0.001), respectively. 

Diurnal effects on arrhythmia: A diurnal variation 
in the average hourly VPC frequency was observed in 
both the placebo and sotalol study groups at baseline 
(Figure 3), with rates increasing during waking hours 
(6 A.M. to midnight), peaking between 2 and 3 P.M., then 
decreasing during evening and nighttime hours and 
reaching a nadir between 4 and 5 a.m. This diurnal pat- 
tern was unaffected by placebo therapy but virtually 
abolished by sotalol. 

Electrocardiographic and ejection fraction re- 
sponses (Table IV): Heart rate decreased by an average 
of 19 beats/min (—25%) during low-dose and by 16 
beats/min (—24%) during high-dose sotalol therapy (p 
<0.001 for each) but was unchanged during placebo. 
PR interval increased slightly (+6%) but significantly 
(p <0.001) with both doses of sotalol. QRS duration did 
not change. QT interval increased by an average of 80 
ms (+21%) during low-dose (p <0.001 vs baseline) and 
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FIGURE 3. Effects of sotalol (combined treatment groups; 
open circles) versus placebo (closed circles) on diurnal fre- 
quency of total ventricular premature complexes (VPCs). 
Baseline frequencies for the 2 groups are represented by solid 
lines and treatment frequencies (6-week end point) by dashed 
lines. Total VPC frequency is expressed as the 

mean per hour, by the hour of day. Differences are only signif- 
icant for the sotalol treatment curve, compared with each of 
the other 3 curves. 
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TABLE IV Electrocardiographic and Ventriculographic 
Changes 


Treatment Placebo- 


Variable 
PR (ms) 


QRS (ms) 


QT (ms) 


QTc éms) 


JT (ms) 


JTc (ms) 


Heart rate 


(beats /min) 


LVEF (%) 


Group 


Placebo 
320 mg 
640 mg 
Placebo 
320 mg 
640 mg 
Placebo 


Placebo 
320 mg 
640 mg 
Placebo 
320 mg 
640 mg 
Placebo 
320 mg 
640 mg 
Placebo 
320 mg 
640 mg 
Placebo 
320 mg 
640 mg 


Baseline 


178+ 33 
168 + 39 
179+ 34 
90+ 15 
92423 
90+15 
375+ 38 
377 + 36 
393 £ 37 
414+ 26 
418+ 34 
413+ 36 
284 + 38 
285 + 31 
303 + 37 
314+ 29 
316 + 27 
318+ 32 
75412 
{pele 
67+12 
539 
51410 
5510 


Final* 


17631 
175 +40 
189 + 30 
90 + 20 
89+ 21 
92+11 
388 + 38 
457 + 50 
484 + 47 
424 + 29 
439 + 36 
443 + 44 
297 + 36 
368 + 52 
392 + 47 
325 + 33 
354 + 40 
359 + 42 
73413 
568 
5147 
52+9 
5449 
59+ 10 


p Value 





* Days 19 to 39. 

Values are mean + standard deviation. 

320 mg = 320 mg/day of sotalol, divided into 2 doses; 640 mg = 640 mg/day of 
sotalol divided into 2 doses. 

LVEF = left ventricular ejection fraction; NS = difference not significant. 





91 ms (+23%) during high-dose sotalol (p <0.001 vs 
baseline). The corrected QT interval showed more mod- 
est increases, averaging 21 ms (+5%) during low-dose 
(p = 0.008) and 30 ms (+7%) during high-dose therapy 
(p = 0.002). Changes in JT and corrected JT intervals 
paralleled changes in QT and corrected QT intervals. 
Interestingly, minor increases in QT, corrected QT, JT 
and corrected JT intervals were also observed with pla- 
cebo. High-dose sotalol led to greater prolongation than 
low-dose sotalol for all intervals, but none of the inter- 
dose comparisons was significant. 

Left ventricular ejection fraction was not adversely 
affected by sotalol. In fact, ejection fraction increased at 
the late therapy assessment with both high-dose (0.55 to 
0.59, p = 0.008) and low-dose sotalol (0.51 to 0.54, p = 
0.01), but did not change with placebo (0.53 to 0.52). 

Adverse effects: Adverse effects were reported fre- 
quently in all 3 groups (43 to 72% incidence) but tended 
to be most frequent in the high-dose sotalol group. Ad- 
verse effects were considered to be related to treatment 
by the blinded investigators in 11% of placebo, 39% of 
low-dose and 51% of high-dose sotalol patients. Three 
patients (8%) receiving low-dose and 8 (21%) receiving 
high-dose sotalol reported dyspnea. Bradycardia oc- 
curred in 4 (11%) low-dose and 5 (13%) high-dose sota- 
lol patients, and fatigue in 8 patients (21%) in each so- 
talol group. 

Discontinuation of sotalol was required in 9 patients: 
1 (3%) receiving low-dose sotalol, because of fatigue, 
and 8 (21%) receiving high-dose sotalol (p <0.02, high 





vs low dose), because of symptomatic bradycardia in 4 
(1 patient also had syncope and nonsustained polymor- 
phic ventricular tachycardia), fatigue in 2, heart failure 
in 1 and dizziness in 1. 

Proarrhythmia (based on investigator judgment) 
was observed in 2 patients taking placebo (1 each with 
increased VPCs and events of ventricular tachycardia), 
1 patient taking low-dose sotalol (increased VPCs only), 
and 2 taking high-dose sotalol (1 with increased events 
of ventricular tachycardia and new sustained ventricular 
tachycardia, and 1 with syncope, bradycardia and non- 
sustained polymorphic ventricular tachycardia). 

One patient died 20 hours after ingesting an estimat- 
ed 2 doses (320 mg) of sotalol. Severe chest pain oc- 
curred 4 hours before randomization; death is believed 
to be from myocardial infarction. 

Laboratory abnormalities, observed in 5 placebo, 2 
low-dose and 3 high-dose sotalol patients, were not con- 
sidered to be treatment-related. 


DISCUSSION 

Study summary: This multicenter, placebo-con- 
trolled study clearly demonstrates that sotalol is effec- 
tive in reducing the frequency of total VPCs, repeti- 
tive VPCs and events of ventricular tachycardia in pa- 
tients with chronic complex ventricular arrhythmias. 
Response was dose-dependent for total VPCs (88% sup- 
pression for high-dose and 75% for low-dose sotalol) but 
not for repetitive VPCs (78% suppression for high dose 
and 80% for low dose). Antiarrhythmic effect was well 
established by day 2 to 3 (early study) and persisted 
over 3 weeks (late study). Tolerability was better with 
the low dose than with the high dose. The expected elec- 
trocardiographic changes occurred, but depression of 
left ventricular function was not observed. 

Efficacy potential for ventricular tachyarrhythmias: 
In addition to its efficacy in suppressing VPCs,!*-!> so- 
talol may represent an important addition to therapy for 
life-threatening ventricular tachyarrhythmias.'’-7! Sota- 
lol increases the ventricular fibrillation threshold in ex- 
perimental animals and causes favorable trends in mor- 
tality after myocardial infarction in humans.” In an im- 
portant early clinical study, 45 of 50 patients with 
recurrent, sustained ventricular tachycardia or fibrilla- 
tion underwent electrophysiologic testing before and af- 
ter receiving sotalol.'® The arrhythmia became nonin- 
ducible in 10, was slower and well tolerated in 12, and 
remained poorly tolerated in 23. Ten patients with non- 
inducible and 11 with stable ventricular tachycardia 
were treated with oral sotalol. No recurrence was ob- 
served in the noninducible group, whereas 37% in the 
inducible group had subsequent ventricular tachycardia 
or sudden death. In another study,'? 12 of 14 patients 
receiving sotalol remained clinically free of sustained 
ventricular tachycardia after a mean of 19 + 7 months. 
Ruder et al?! reported on 65 patients with refractory 
sustained ventricular tachycardia or fibrillation treated 
with oral sotalol. Efficacy was evaluated in 54 after 11.5 
+ 6 months. Actuarial success was 54 + 13% at 6 
months and 47 + 13% at 12 months. 
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Electrocardiographic effects of sotalol: The electro- 
cardiographic effects of sotalol observed in our study 
were those expected from its known pharmacologic ac- 
tions and are similar to those observed by others.’~!! 
These consisted of modest to moderate lengthening of 
the sinus cycle and PR, corrected QT and corrected JT 
intervals. Sotalol also lengthens cardiac refractory peri- 
ods, a class III antiarrhythmic effect.’-!° 

Adverse potential: Adverse effects typical of 6 
blockade (such as fatigue and bradycardia) were no- 
ticed with variable, dose-related frequency in this study, 
as in previous ones.!>!82! Discontinuation was required 
in only 1 patient (3%) in the low-dose group, but in 8 
(21%) in the high-dose group. In addition, sotalol is 
known to possess proarrhythmic potential. Specifically, 
torsades de pointes (polymorphic ventricular tachycar- 
dia associated with a prolonged QT interval) has been 
reported with sotalol, although infrequently (1.1% of 
patients treated for nonsustained ventricular tachycar- 
dia or VPCs, or both, in the data base of Bristol-Myers 
Company, October 17, 1990). In our study, a small risk 
of proarrhythmia was observed. Nonfatal proarrhyth- 
mic ventricular tachycardia events occurred in 2 pa- 
tients in the high-dose group. Ruder et al?! reported ex- 
acerbation of ventricular arrhythmia in 9% of patients 
in a more diseased population. These rates are accept- 
ably low compared with those of other antiarrhythmic 
drugs but warrant further assessment. 

Study limitations: Patients included in the present 
study had complex ventricular arrhythmias but were 
clinically stable, and did not have sustained ventricular 
tachycardia or fibrillation. Other unstable patients, such 
as those with recent myocardial infarction, were also ex- 
cluded, and left ventricular ejection fraction averaged 
>50%. Thus, caution should be applied in relating our 
results to patients with more serious arrhythmias or 
more depressed function. Proarrhythmia was infrequent 
in this study, but its size is inadequate to define the risk 
of serious proarrhythmia precisely, including torsades 
de pointes. The ability of antiarrhythmic therapy to re- 
duce the increased cardiac mortality associated with 
complex arrhythmias in patients with structural heart 
disease has not been demonstrated and the risk/benefit 
ratio must be established for each individual agent.” 

Clinical implications: Our study clearly indicates 
that complex ventricular arrhythmias can be effectively 
controlled with sotalol over several weeks, associated 
with generally mild and dose-related adverse potential. 
Because of its 8-blocking effects, sotalol may be partic- 
ularly useful, and possibly preferred to class I antiar- 
rhythmic drugs, for treatment of symptomatic arrhyth- 
mias occurring in the setting of chronic ischemic heart 
disease or increased sympathoadrenal stimulation, in- 
cluding patients with angina, hypertension and previous 
myocardial infarction. Sotalol has additional class III 
actions and provides greater antiarrhythmic activity 
than that expected from standard 8 blockers.!*+!5.!7-2! 
Whether sotalol, or any other antiarrhythmic drug, 
should be used prophylactically to reduce the risk asso- 
ciated with prognostically significant but asymptomatic 


senloi ERUEN is NA and the AN NA 


fit ratio of such treatment will require specific assess- 


ment in larger mortality trials.???3 
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To compare the hemodynamic results of different 
anuloplasty techniques of primary valve repair for 
mitral regurgitation, 122 patients were prospec- 
tively studied with Doppler echocardiograms 5 to 
10 days after operation. Seventy-seven patients 
had mitral valve prolapse, 27 had coronary artery 
disease, 13 patients had rheumatic mitral valve le- 
sions and 5 patients had infective endocarditis. 
Forty-eight patients received the flexible Duran 
ring, 46 received the more rigid Carpentier ring 
and 28 patients received no ring. Doppler echocar- 
diography demonstrated a significant decrease in 
mitral valve area estimated by the pressure half- 
time method in patients who received either a Car- 
pentier (2.6 + 0.8 cm?) or Duran ring (2.8 + 0.8 
cm?) when compared with patients who received no 
ring (3.2 + 0.7 cm?) (p = 0.01). No significant dif- 
ferences were observed for peak transmitral dia- 
stolic velocity, peak transmitral diastolic gradient, 
or the grade of mitral regurgitation by color flow 
Doppler mapping between patients with and with- 
out rings. The etiology of mitral disease and con- 
comitant surgical procedures accompanying mitral 
valve repair did not significantly influence mitral 
valve area, peak velocity or peak gradient. These 
data suggest that Carpentier and Duran rings de- 
crease the hemodynamic mitral valve area; how- 
ever, the decrease in valve area is small and not as- 
sociated with a clinically important increase in 
transvalvular gradient. 

(Am J Cardiol 1991;67:517-519) 
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itral valve repair to correct mitral valve regurgi- 
M io has been in use for >30 years.!-? Suc- 

cessful mitral valve repair results in lower op- 
erative mortality, late mortality, reoperation rates and 
valve-related complications compared with mitral valve 
replacement.* Mitral valve repair may decrease the 
frequency of postoperative low-output syndrome be- 
cause it preserves the natural geometry of the left ven- 
tricle by maintaining papillary muscle integrity.®’ In 
addition, long-term studies have indicated that mitral 
valve repair may be more durable than bioprosthetic re- 
placement.®? Several different techniques of mitral 
valve repair have been used. Carpentier et al!” modified 
mitral valve repair by the insertion of a semiflexible 
ring; a more flexible ring was developed by Duran et 
al.!! This study compares early postoperative hemody- 
namic results of mitral valve repair with either the Car- 
pentier or Duran ring versus repair with no ring. 


METHODS 

Between January 1984 and September 1989, 166 
patients with pure mitral regurgitation were treated 
with mitral valve repair at Brigham and Women’s Hos- 
pital. Of these patients, 122 (81 men and 41 women, 
mean age + standard deviation 62 + 13 years) were 
randomly selected to receive postoperative Doppler 
echocardiograms 5 to 10 days postoperatively. Seventy- 
seven patients had mitral valve prolapse, 27 patients had 
coronary artery disease, 13 patients had rheumatic mi- 
tral valve lesions and 5 patients had active infective en- 
docarditis (Figure 1). Patients with hemodynamic evi- 
dence of preoperative mitral stenosis were excluded 
from the study. 

Operative technique: The wide variety of pathology 
treated in this group necessitated a multitude of tech- 
niques including anterior and posterior leaflet resection, 
trench chordoplasty, the flip-over technique for chordal 
replacement, and 3 different forms of treatment to the 
anulus. The decision regarding the use of different rings 
or no ring depended on a variety of factors. The Car- 
pentier ring was used earlier in our experience, but as 
we increased our experience with myxomatous mitral 
valve repair we have shown that the more flexible 
Duran ring appears to be preferable for these very en- 
larged anuli. The Carpentier ring often “telescopes” the 
large amount of tissue of the dilated floppy valve into 
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TABLE I influence of Etiology on Early Postoperative Mitral 
Valve Function 









Etiology MVA (cm?)  PeakV(m/s) Gradient (mmHg) 








2.8+0.9 1.30.3 7.03.7 






Myxomatous 







Ischemic 2.940.7 13+0.3 7.342.7 
Rheumatic 2.8+0.8 15+0.3 8.94+3.5 
Endocarditis 2.741.0 1.2+0.3 5.6+3.2 












No significant influence of etiology on Doppler parameters was detected. 
Gradient = peak transmitral diastolic gradient; MVA = mitral valve area; Peak V = 
peak transmitral early diastolic velocity. 







the left ventricular outflow tract and cause outflow ob- 
struction. There were some patients in this series for 
whom it was decided that no ring would be important, 
particularly those who had infective endocarditis, where 
the absence of prosthetic material is a benefit in the 
presence of mitral regurgitation, or where tissue was ex- 
tremely friable and the anulus was not dilated. 

Echocardiographic evaluation: Two-dimensional 
echocardiograms were recorded in the left lateral decu- 
bitus position with a Hewlett-Packard 77020 AC/AR 
phased-array ultrasonoscope device using a 2.5-MHz 
transducer. Pulsed-wave Doppler sampling of transmi- 
tral flow was recorded from the apical 4-chamber view 
with the sample volume bisecting the mitral valve anu- 
lus (parallel to the direction of blood flow); after Janu- 
ary 1987, these studies were supplemented by color 
Doppler flow mapping. The pressure half-time was cal- 
culated from the deceleration of the early diastolic flow 
signal; mitral valve area was estimated by!*: mitral 
valve area (cm) = 220/pressure half-time in millisec- 
onds. The peak transmitral early diastolic gradient was 
calculated from the peak diastolic flow velocity by the 
simplified Bernoulli equation.'? Mitral regurgitation 
was semiquantitated on a scale of 0+ to 4+, as previ- 
ously described, by a clinical echocardiographer un- 
aware of details of operative technique.!4 


Etiology 


Ischemic 
2T 


FIGURE 1. Distribution of pathology of 122 patients undergo- 
ing mitral valve repair. 
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TABLE II Influence of Repair Technique on Early 
Postoperative Mitral Valve Function 


MVA(cm?) PeakV(m/s) Gradient (mmHg) 


6.54 3.9 
8.0+3.1 
6.9+3.5 


1.2+0.4 
1440.3 
13+0.3 


No ring 3.2+0.7 

Carpentier ring 2.6+0.8* 

Duran ring 2.8 +0.9* 
* Significantly different from no ring (p <0.05). 


Gradient = peak transmitral diastolic gradient; MVA = mitral valve area; Peak V = 
peak early transmitral diastolic velocity. 


TABLE Ill Influence of Concomitant Surgical Procedures on 
Early Postoperative Mitral Valve Function 


Procedure MVA (cm?) Peak V (m/s) Gradient (mm Hg) 


None 2.9+0.9 
CABG 2.7 £0.7 
Others 2.7 +40.5 t.2 0.1 6.11.2 
p=0.52 p= 0.26 p=0.37 
CABG = coronary artery bypass graft surgery; Gradient = peak transmitral diastol- 


ic gradient; MVA = mitral valve area; Peak V = peak early transmitral diastolic 
velocity. 


1.3+0.3 
1440.3 


6.9 + 3.8 
7843.1 





Statistical analysis: Doppler variables were com- 
pared with etiologies of valve disease and surgical tech- 
nique by analysis of variance. Comparisons of Doppler 
variables were performed using both nonparametric and 
parametric tests; because results were nearly identical, 
results from Student’s ¢ tests are presented. Results are 
expressed as mean + | standard deviation. 


RESULTS 

Influence of etiology of valve disease: Of the 122 
patients studied, 112 (92%) had a postoperative mitral 
regurgitation grade of <2+/4+. Of the 77 patients 
with myxomatous mitral valve disease, 73 (95%) had 
postoperative mitral regurgitation grades of <2+. 
Twelve of 13 patients (92%) with rheumatic valve dis- 
ease, 22 of 27 patients (81%) with coronary artery dis- 
ease, and 5 of 5 (100%) of those with infective endocar- 
ditis also had mitral regurgitation grades of <2+/4+. 
There was no significant influence of etiology on the 
postoperative mitral valve area, peak transmitral veloci- 
ty or peak transmitral gradient (Table I). Systolic ante- 
rior motion of the mitral valve was not observed in these 
patients. 

Influence of repair technique: There was no signifi- 
cant difference in postoperative mitral regurgitation 
grades between patients who received Carpentier rings, 
Duran rings or no ring. However, the mitral valve area 
was significantly larger in patients who had mitral valve 
repairs without rings than in patients who had received 
either a Carpentier or a Duran ring (p = 0.01) (Table 
II). In contrast, no significant difference in mitral valve 
area was detectable between patients with Carpentier or 
Duran rings. There was a trend toward higher peak 
transmitral velocities and gradients among patients who 
received rings when compared with those without rings 
in whom statistical significance was not reached (p = 
0.09). 

Influence of concomitant procedures: No significant 
differences were observed between postoperative mitral 
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regurgitation grades of patients who underwent mitral 
valve repair with or without accompanying coronary by- 
pass surgery or aortic valve replacement (p = 0.37). 
Seventy of the 75 patients (93%) with no additional sur- 
gical procedure, 40 of 45 patients (89%) with bypass 
surgery, and 2 of 3 with aortic valve replacement had 
postoperative mitral regurgitation grades of <2+. Post- 
operative mitral valve area, peak diastolic velocity and 
peak gradients did not differ significantly among these 
groups (Table III). 


DISCUSSION 

A variety of techniques have been advocated for sur- 
gical repair for mitral regurgitation. Recent studies sug- 
gest that the flexible Duran ring, which allows changes 
in shape during the cardiac cycle, may be more desir- 
able. In addition, mitral valve repair may be performed 


without anuloplasty.!> In this study, prospective Dopp- 


ler echocardiography studies demonstrated that patients 
with rings had changes in transmitral flow indicating a 
smaller hemodynamic orifice size. Although this de- 
crease in valve area was statistically significant, it is not 
clinically important, since no change in diastolic gradi- 
ent was observed. | 

Because this study was not randomized and some 
patients did not receive echocardiograms, these results 
may have been influenced by selection bias. However, 
there is no reason to believe that patients with smaller 
mitral valves would be more likely to receive anulo- 
plasty rings. In addition, this study predated the use of 
intraoperative transesophageal echocardiography in our 
institution. Because this technique can influence surgi- 
cal technique and outcome,'® it is possible that current 
observations would be different. Another potential limi- 
tation in this study is the use of the pressure half-time 
method of estimating mitral valve area. The pressure 
half-time is dependent on initial pressure gradient 
across the valve as well as atrioventricular compli- 
ance.!7:!8 Because peak transmitral velocities were not 
significantly different between the patients who did and 
did not receive rings, it is unlikely that initial pressure 
gradients were different between the 2 groups; in addi- 
tion, changes in atrioventricular compliance would most 
likely be apparent in both groups of patients. 

Thus, although the decrease in mitral valve anulus 
size after ring repair was evident by Doppler echocardi- 
ography in this study, mitral valve gradients were not 
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increased among patients with rings. These data support 
the use of anuloplasty rings in properly selected pa- 
tients, depending on the valve pathology and anular dy- 
namics. 
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MISCELLANEOUS 


Influence of Sympathetic Stimulation and 
Parasympathetic Withdrawal on Doppler 
Echocardicegraphic Left Ventricular Diastolic 
Filling Velocities in Young Normal Subjects 


Karl-Arne Johannessen, MD, Manuel Cerqueira, MD, Richard C. Veith, MD, 
and John R. Stratton, MD 


To determine the effects of parasympathetic with- 
drawal or sympathetic stimulation on Doppler echo- 
cardiographic measures of left ventricular diastolic 
filling, we studied 10 young normal subjects aged 
21 to 29 years during separate infusions of atro- 
pine (0.8 mg followed by 0.4 mg every 10 minutes 
until heart rate >110 beats/min or a total dose of 2 
mg was attained) and epinephrine (10, 25 and 50 
ng/kg/min for 12 minutes each). At the highest at- 
ropine dose, heart rate increased from 60 + 9 to 
105 + 8 beats/min (mean + standard deviation), 
the diastolic filling period decreased by 61% (573 
+ 141 to 222 + 34 ms), the peak early (E) filling 
decreased 23% (77 + 12 to 61 + 11 cm/s), the 
peak atrial (A) filling increased 103% (40 + 6 to 
81 + 17 cm/s), and the E/A ratio decreased by 
60% (2.0 + 0.5 to 0.8 + 0.3) (all p <0.001). These 
alterations were not correlated to changes in sys- 
tolic function, preload, blood pressure or plasma 
catecholamines, all of which were unchanged. How- 
ever, atropine-induced changes in diastolic filling 
period were highly correlated to changes in E peak 
(r = 0.64, p <0.01), A peak (r = —0.95, p <0.001) 
and the E/A ratio (r = 0.93, p <0.001). The effects 
of atropine on the E/A ratio were normalized by di- 
viding the E/A ratio by the diastolic filling period 
(E/A/diastolic filling period). 

At the highest epinephrine dose, plasma epi- 
nephrine increased from 94 + 59 to 879 + 310 ng/ 
liter, the heart rate increased by 26% (58 + 8 to 
73 + 7 beats/min), the diastolic filling period de- 
creased by 22% (596 + 144 to 464 + 127 ms), 
peak E increased 43%, peak A increased by 30% 
(40 + 6 to 52 + 9 cm/s) (all p <0.01), the E/A ratio 
increased 15% (2.0 + 0.5 to 2.3 + 0.6, p = 0.13), 
and the E/A/diastolic filling period increased by 
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43% (3.5 + 0.6 to 5.0 + 1.3, p <0.01). Increases 
in epinephrine levels directly correlated to increases 
in E peak (r = 0.74, p <0.001), A peak (r = 0.58, p 
<0.01) and the E/A/diastolic filling period (r = 
0.59, p <0.01). 

It is concluded that parasympathetic withdrawal 
reduces E and increases A filling velocities and re- 
duces the E/A ratio. These changes are closely re- 
lated to changes in diastolic filling period and heart 
rate. In contrast, epinephrine at physiological levels 
increases E, A and the E/A/diastolic filling period. 
These findings document the importance of control- 
ling for these factors if Doppler filling velocities are 
used to study diastolic function. 

(Am J Cardiol 1991;67:520-526) 


study left ventricular (LV) diastolic function. 

However, multiple factors including age, isch- 
emic heart disease and prior myocardial infarction may 
have significant and contrasting effects on diastolic fill- 
ing velocities.'-* In addition, changes in heart rate, 
which are mediated by both parasympathetic and sym- 
pathetic activity, have correlated with changes in dia- 
stolic measures in prior studies.'-> Cardiovascular ad- 
justments to most stresses are mediated in part by the 
autonomic nervous system, with parasympathetic with- 
drawal and sympathetic activation typically occurring 
at the onset of stress.°* Although the effects of both 
parasympathetic withdrawal and sympathetic stimula- 
tion on chronotropy and inotropy are relatively com- 
pletely understood,?"'* much less is known regarding 
their effects on LV filling. 

There are only limited data, using dopamine or do- 
butamine infusions, on the effects of sympathetic stimu- 
lation on diastolic measurements.!2:!3:!5.16 Because the 
individual effects of differing factors affecting diastolic 
filling velocities may be obscured by their contrasting 
influences, we studied young, normal men to define the 
effects of parasympathetic withdrawal (using atropine) 
and sympathetic stimulation (using epinephrine). Al- 
though such an age limitation and subject selection may 
limit the general validity of the results, it minimizes the 
effects of age and other factors such as disease. Our 
results document significant effects of both parasympa- 
thetic withdrawal and sympathetic stimulation on dia- 


D oppler echocardiography has been widely used to 





stolic filling velocities, which must be considered if 
Doppler echocardiography is used to study diastolic 
function. 


METHODS 
Subjects: Ten normal men aged 21 to 29 years 
(mean + standard deviation 25 + 2) were studied after 
an overnight fast. Before inclusion in the study, normal 
cardiovascular function was documented by a negative 
cardiac history, normal physical examination, a normal 
electrocardiogram and a normal resting M-mode, 2-di- 
mensional and Doppler echocardiographic study. No 
subjects smoked or took any medications, and none 
were highly trained. All subjects gave informed consent. 
One subject developed ventricular premature contrac- 
tions during epinephrine infusions and was excluded 
from analysis of the epinephrine results. We therefore 
report on studies in 9 subjects during epinephrine infu- 
sions and on 10 subjects during atropine infusions. 
Study protocol: All subjects were studied in the su- 
pine position. Intravenous catheters were inserted into 
the right hand and right antecubital fossa, after which 
the right hand and wrist were placed into a warming 
box (60°C), so that arterialized venous samples for cat- 
echolamine measurements could be obtained. Subjects 
rested in the supine position for 30 minutes after cathe- 
ter insertion before baseline measurements were ob- 
tained. Epinephrine was infused at 10, 25 and 50 ng/ 
kg/min for 12 minutes each into the antecubital vein 
using a Harvard pump (South Natick, Massachusetts). 
The epinephrine solutions were prepared by diluting 
epinephrine (Adrenalin chloride, Parke-Davis, Detroit, 
Michigan) in 0.9% saline solution to give a total infu- 
sion volume of 16 ml at each dose. Ascorbic acid (0.5 
mg/ml) was added to prevent oxidation of the epineph- 
rine. After the epinephrine infusions, the subjects rested 
for 30 minutes in the supine position to allow plasma 
levels of catecholamines and the hemodynamic state to 
return to baseline. After repeat baseline measures were 
obtained, bolus intravenous injections of atropine (atro- 
pine sulfate, Elkins-Sinn Inc., New Jersey) were given, 
beginning at 0.8 mg, and followed by 0.4 mg injections 
at 12-minute intervals until a cumulative dose of 2 mg 
was achieved or the heart rate was >110 beats/min. 
Data collection: After the 30-minute rest, a complete 
Doppler study was done. Repeat Doppler and 2-dimen- 
sionally guided M-mode recordings were obtained at 
end-expiration during the final 2 minutes of each epi- 
nephrine infusion and atropine injection. During each 
Doppler acquisition, a 2-ml arterialized venous blood 
sample was drawn from the hand vein and processed 
and analyzed for plasma epinephrine and norepineph- 
rine as previously described.'’ We have previously docu- 
mented that arterialized samples obtained using a 
warming box correspond closely to simultaneously ac- 
quired arterial samples.'® Blood pressures were mea- 
sured at rest and every 2 minutes during the infusions 
using a Paramed automatic blood pressure recorder. 
Echocardiography: Echocardiography was per- 
formed with a Hewlett-Packard 77020 A and recorded 
at a paper speed of 100 mm/s from the apical window 
using pulsed Doppler with auditory and visual guidance. 


Velocities were recorded from the area just below the 
mitral orifice which gave the best spectra,!? and care 
was taken to obtain the smallest possible angle between 
the assumed blood flow and the cursor at the sampling 
space. The optimal transducer position was marked and 
used for all subsequent recordings, and care was taken 
to keep the sampling volume at the same location. All 
results were calculated as the mean of 5 digitized beats, 
avoiding pre- or postectopic beats. The beats with the 
best spectral envelopes were chosen. Peak early (E) and 
peak atrial (A) filling velocities (cm/s), duration of E 
and A in ms, and diastolic filling period (ms) were mea- 
sured. The diastolic flow period was measured from on- 
set to end of mitral inflow. In cases with no well-defined 
diastasis between the E and late diastolic filling peaks, 
the onset of arterial flow was defined as the first in- 
crease in flow velocity after the plateau or downslope of 
the E peak. 

For assessment of systolic performance, LV outflow 
velocity was obtained from the apical window with con- 
tinuous wave Doppler. Systolic function measures were 
the peak outflow velocity, determined from the outflow 
tract recording, and the integral of the area under the 
outflow curve (stroke distance).!%!!:!4.20-23 M-mode 
echo measures of the LV end-diastolic and end-systolic 
diameters were obtained at end-expiration using 2-di- 
mensional guidance at the time of each Doppler record- 
ing. The ejection fraction was calculated using the 
method of Teicholz.”4 

Statistical analysis: All results are given as mean + 
standard deviation. Analysis of variance for repeated 
measures with Tukey’s test for specific comparisons was 
used for epinephrine results. The heart rate response to 
individual atropine doses varied among patients. How- 
ever, all subjects by design had similar heart rates at the 
final dose. Therefore, the data from the final dose were 
compared with baseline data using a paired ¢ test. The 
total atropine dose was 1.2 mg in 2 subjects, 1.6 mg in 3 
subjects and 2.0 mg in 5 subjects. The relation between 
the peak E, peak A, and the E/A ratio versus other 
variables (RR interval, diastolic filling period, duration 
of E and A filling, systolic measures and blood pressure) 
were analyzed with univariate linear regressions and 
forward and backward stepwise multiple regression 
analysis. A p value <0.05 was considered significant. 


RESULTS 

Atropine effects: Data from the highest atropine 
dose are listed in Table I. The heart rate increased by 
75% (p <0.001), the diastolic filling period declined by 
61% (p <0.001) and the systolic flow period was un- 
changed. At the final dose, there was a 23% decrease in 
peak E (p <0.01) and a 103% increase in the peak A (p 
<0.001) velocities. This resulted in a 60% decrease in 
the E/A ratio (p <0.001). The duration of E filling de- 
creased by 54% (p <0.001), whereas the duration of A 
flow was unaltered. The reduction in peak E correlated 
significantly to the reduction in the diastolic filling peri- 
od (r = 0.64, p <0.01) as did the increment in peak A 
(r = —0.95, p <0.001). 

During atropine, measures of systolic function and 
end-diastolic diameter were unchanged (Table I). Sys- 
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TABLE I Effects of Final Atropine Dose on Measured Variables 


Doppler Diastolic Measures Rest 


DFP (ms) 573+141 
Peak E (cm/s) 77+12 
Peak A(cm/s) 40+6 
Dur. E (ms) 239 + 20 
Dur. A(ms) 126+9 
E/A 2.0+0.5 
E/A/DFP 3.5+0.6 


Systolic measures and end-diastolic dimension 
SFP (ms) 294 + 22 
M-mode EF (%) 70+6 
Peak Ao outflow (cm/s) 98+12 
Stroke distance (m) 0.1444+0.16 
EDD (cm) 4.9 +0.4 


RR interval and blood pressure 
RR (ms) 987 +4 171 
Systolic BP (mm Hg) 12148 
Diastolic BP (mm Hg) 666 
MAP (mm Hg) 837 


Plasma catecholamines 
Norepinephrine (pg/ml) 
Epinephrine (pg/ml) 


190 + 56 
102 + 40 


Atropine 


222 + 34 
61411 
8l +17 
111 +43 
11316 
0.8 +40.3 
3.6+ 0.6 


236+ 19 
68 +6 
102+ 10 
0.118 + 0.014 
4.7 +40.5 


579 + 42 
12547 
739 
89+9 


190 + 64 
105 + 44 


Ao = aortic; BP = blood pressure; DFP = diastolic filling period; Dur. A = duration of atrial filling; Dur. E = duration of early filling; E/A = E:A ratio; E/A/DFP = E:A ratio divided by 
DFP; EDD = end-diastolic dimension; EF = ejection fraction; MAP = mean arterial pressure; NS = not significant; Peak A = peak atrial filling velocity; Peak E = peak early filling 


velocity; SFP = systolic flow period. 


r = 0.93 
p <0.0001 


1250 
RR INTERVAL (msec) 


FIGURE 1. The early:atrial (E/A) ratio at all heart rates in all 
subjects during atropine administration. 


r 20.73 
p < 0.0001 
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tolic blood pressure was unchanged, diastolic pressure 
increased slightly (p = 0.07) and the mean arterial pres- 
sure was unchanged. Plasma catecholamines were also 
unchanged. 

There was a highly significant correlation between 
the E/A and RR interval (r = 0.93, p <0.0001), and 
also between the E/A and the diastolic filling period (r 
= 0.98, p <0.0001) (Figure 1). In multiple stepwise re- 
gression analysis, no other variable entered at the p 
<0.05 level. Thus, atropine effects appeared to be pri- 
marily mediated by heart rate or diastolic filling period 
changes. To determine whether heart rate effects can be 
normalized, we divided the E/A ratio by the RR inter- 
val (Figure 2A) and by the diastolic filling period (Fig- 
ure 2B). Only the diastolic filling period appeared to 
normalize for heart rate changes, because the E/A/RR 
interval remained significantly correlated to heart rate 


1250 
B RR- INTERVAL (msec) 


FIGURE 2. A, the early:atrial (E/A) ratio normalized by the RR interval, and B, the E/A ratio normalized by the diastolic filling 


period (DFP). 
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Diastolic measures 
DFP (ms) 
Peak E (cm/s) 
Peak A (cm/s) 
Dur. E (ms) 
Dur. A (ms) 
E/A 
E/A/DFP 


596 + 144 
79412 
40+6 

233: 27 

130+ 18 
2.0+0.5 
3.5+0.6 


Systolic measures and end-diastolic dimension 


M-mode EF (%) 
Peak Ao (cm/s) 


Stroke distance (m) 


EDD (cm) 


RR interval and blood pressure 


RR (ms) 


Systolic BP (mm Hg) 
Diastolic BP (mm Hg) 


MAP (mm Hg) 


1026+ 172 
120+4 
62+6 
8243 


5124111 
102 + 10 
49412 
234 + 47 
128 + 10 
2.2+0.6 
4.3+0.8 


7843 
124+ 21 
0.18+0.02 
5.0+0.4 


900 + 129 
127+10 
5349 
78+6 


464+ 127 
113+ 16 
5249 
222+ 57 
126 +7 
2.3+0.6 
Oe tS 


83+5 

44425 
0.20 + 0.03 

5.0+ 0.4 


820+ 141 
134+9 
47 +7 
75+6 


Plasma catecholamines 
Norepinephrine (pg/ml) 
Epinephrine (pg/ml) 


196+ 47 
94+ 59 


* p value for 50 ng/kg/min versus rest. 
Abbreviations as in Table |. 





(r = —0.73, p <0.001), whereas the E/A/diastolic fill- 
ing period was not (r = 0.06, difference not significant 
[NS]). 

Epinephrine effects: As expected, epinephrine 
caused dose-dependent changes in systolic function as 
measured by M-mode ejection fraction and by Doppler 
(Table II). At the high dose, ejection fraction increased 
by 26% (p <0.01), peak outflow velocity increased by 
52% and stroke distance increased by 38% (p <0.001). 
Systolic pressure increased while diastolic and mean ar- 
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FIGURE 3. The relative increments (percent increase from 
baseline) in the peak early (E) velocity, the peak atrial (A) ve- 
locity, the E/A ratio and the E/A/diastolic filling period (DFP) 
at the 3 epinephrine infusions. 


277 +76 
318 +94 
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368 + 96 
879 +310 


332 + 86 
614 +54 


terial pressure decreased. At the high dose, epinephrine 
caused a 26% increase in heart rate (p <0.01) and a 
22% reduction in diastolic filling period (p <0.01) (Ta- 
ble II). Despite the increased heart rate, peak E in- 
creased by 43% (p <0.001), peak A increased by 30% 
(p <0.01) and the E/A ratio increased by 15% (p = 
0.13). The E/A/diastolic filling period increased by 
43% (p <0.001) (Figure 3). 

Correlations between epinephrine-induced changes 
and other hemodynamic variables (Table Ill): In univar- 
iate analyses incorporating all epinephrine infusions, 
plasma epinephrine levels were significantly correlated 
with the E peak (r = 0.74, p <0.001), A peak (r = 0.59, 
p <0.001) and the E/A/diastolic filling period (r = 
0.59, p <0.001) but not with the E/A ratio (r = 0.04, 
NS). 





TABLE IlI Univariate Correlations to Diastolic Filling 
Velocities During Epinephrine Infusions 















EPeak APeak E/A  £/A/DFP 









Plasma catecholamines 





Epinephrine 0.74* 0.58* 0.04 0.59* 

Norepinephrine 0.47 0.11 0.29 0.51* 
Timing measures 

RR —0.19 -0.67* 0.25 —0.60* 

DFP -0.09 —0.70* 0.27 -—0.50t 

Dur. E —0.17  -0.27 0.14 0.14 

Dur. A —0.27 0.06 —0.12 0.05 
Systolic function measures 

M-mode EF 0.70* 0.40*. 0.18 0.70* 

Peak Ao 0.69* 0.67* 0.07 0.55* 

Stroke distance 0.78* 046 0.17 0.51* 


* p <0.001; t p <0.01; * p <0.05. 
Abbreviations as in Table I. 








Peak E velocity was strongly correlated with all 3 
systolic measures, but was not correlated with measures 
that reflected timing of cardiac events (RR interval, 
diastolic filling period, duration of E and A filling veloc- 
ities). The peak A velocity significantly correlated with 
all 3 systolic measures as well as with the timing mea- 
sures, particularly the diastolic filling period. 

There were no significant univariate correlates be- 
tween the uncorrected E/A ratio and the timing mea- 
sures, and systolic function or catecholamine levels. In 
contrast, in univariate analyses the normalized E/A (E/ 
A/diastolic filling period) correlated closely to the ejec- 
tion fraction (r = 0.70, p <0.001), to the epinephrine 
level (r = 0.59, p <0.01) and to the stroke distance (r = 
0.51, p <0.01). In forward and backward stepwise re- 
gression analyses, in which all systolic measures and 
blood pressure were allowed to enter, the E/A ratio cor- 
related to the diastolic filling period (r = 0.72, p 
<0.001) and ejection fraction (r = 0.58, p <0.01), 
whereas the only significant correlate to the normalized 
E/A ratio (E/A/diastolic filling period) was the M- 
mode ejection fraction (r = 0.65, p <0.001). 


DISCUSSION 

Doppler-derived transmitral filling velocities are 
widely, but potentially erroneously, used as measures of 
diastolic function. A variety of different factors may 
have opposing effects on such filling velocities.!-> The 
current study investigated the influence of parasympa- 
thetic withdrawal induced by atropine and sympathetic 
stimulation induced by epinephrine on Doppler mea- 
surements of LV filling velocities in young normal men. 
Our results indicate that parasympathetic withdrawal 
induced marked changes in LV filling velocities, which 
were tightly correlated to changes in heart rate and dia- 
stolic filling period. Our results also document that epi- 
nephrine causes highly significant and dose-dependent 
changes in diastolic filling parameters. 

Atropine effects: At the highest atropine dose, para- 
sympathetic withdrawal caused a significant 21% reduc- 
tion in peak E and a 103% increase in peak A. These 
changes resulted in a 60% decrease in the E/A ratio. 
Several factors, other than heart rate, that are known to 
alter diastolic filling velocities were examined and were 
found not to change during atropine. The stability of 
the catecholamine levels suggests that sympathetic acti- 
vation, which can influence diastolic function, did not 
occur. Systolic function was also unchanged. Further- 
more, the lack of change in blood pressure suggests that 
changes in afterload did not account for the observed 
effects. 

The increased heart rate and reduced diastolic filling 
period appeared to be of primary importance in altering 
filling velocities, as suggested by the multiple regression 
analysis. Atropine infusion led to a 41% decrease in the 
RR interval. The reduction in cardiac cycle length was 
mostly at the expense of diastolic filling, which de- 
creased by 61%, whereas the systolic emptying period 
did not change significantly. Furthermore, the shorten- 
ing of the diastolic filling period was largely at the ex- 
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pense of the E filling period which declined by 54%, 
whereas the A filling period was unchanged. The in- 
crease in peak A was highly correlated to the shortening 
of the E filling period (r = —0.93) suggesting that the 
increase in peak A was partially a compensation for a 
reduction in E filling. 

Prior cross-sectional studies have suggested a corre- 
lation between the resting heart rate and measurements 
of diastolic function.'° This study noted that during a 
decrease in RR interval of 700 ms, the E/A ratio de- 
creased from 2.0 + 0.5 to 0.8 + 0.3. Thus, for each 100 
ms reduction of the RR interval, the E/A ratio de- 
creased by approximately 0.29 units in these young nor- 
mal subjects. This heart rate-induced change in the E/ 
A ratio may explain some of the previously described 
differences in the E/A ratio among patient groups. For 
example, Zarich et al’? noted an uncorrected E/A of 
1.66 in normal subjects and 1.24 in diabetic patients, 
who had a mean heart rate of 13 beats/min faster than 
the normal subjects. Based on our data, if the normal 
group had the same heart rate as the diabetic group, the 
heart rate-normalized E/A ratios of the normal sub- 
jects (1.31) would have been similar to those in the dia- 
betics (1.24). Similarly, Vandenberg et al!® concluded 
that dobutamine did not alter the E/A ratio (1.96 to 
2.15, NS) in a group of 7 subjects aged 24 to 28 years. 
However, if the 11 beat/min increase in heart rate was 
accounted for, the E/A ratio increased from approxi- 
mately 1.96 to 2.59, which is in accordance with the 
epinephrine results in the current study. Thus, heart 
rate differences may mask changes that are present, or 
conversely, suggest changes that are not present after 
heart rate effects are accounted for. In the current 
study, when the E/A ratio was normalized by dividing 
by the diastolic filling period, the observed changes due 
to increased heart rate seemed to disappear. The E/A 
ratio normalized by the diastolic filling period (E/A/ 
diastolic filling period) did not correlate with heart rate 
(r = 0.06, NS) or the diastolic filling period (r = 0.10, 
NS). In contrast, the E/A ratio normalized by the RR 
interval correlated significantly with both the heart rate 
(r = —0.73) and the diastolic filling pressure (r = 0.72). 
These data suggest that the effects of heart rate can 
best be normalized by dividing the E/A ratio by the 
diastolic filling period rather than by the RR interval 
(Figure 2, A and B). This may be due in part to the fact 
that most of the reduction in RR interval was due to a 
decrease in the diastolic filling period. Whether such 
normalizations apply to elderly subjects or to patients 
with heart disease needs to be determined. 

Epinephrine effects: Epinephrine caused substantial 
dose-dependent increments in diastolic filling velocities 
(Figure 3). There were marked increases in E and A 
filling velocities and the ratio between peak E and A 
filling normalized for the diastolic filling period. Thus, 
during epinephrine infusions, E peak, E/A and E/A/ 
diastolic filling period showed alterations opposite in di- 
rection to those induced by atropine, despite the signifi- 
cant increase in heart rate that occurred with epineph- 
rine. 


Whereas epinephrine caused a minor reduction in 
mean arterial pressure, the preload as assessed by end- 
diastolic dimension was unchanged. Therefore, changes 
in loading conditions are unlikely to have caused the 
observed alterations in diastolic filling velocities. 

Previous studies using a variety of measures have 
noted variable results with sympathetic stimulation. 
Vandenberg et al!® reported a nonsignificant increase in 
the E/A ratio during dobutamine administration, which 
would have been more apparent had they normalized 
for heart rate changes. Colan et al?° found a uniform 
and dramatic increase in the peak rate of LV dimension 
enlargement with a moderate increase in heart rate us- 
ing dobutamine. In an exercise study, Held et al!> re- 
ported a decrease in the E/A ratio after upright exer- 
cise, at a time when sympathetic activation is increased. 
However, the heart rate increased from 81 to 119 
beats/min during the intervention. If “normalized” for 
the simultaneous decrease in diastolic filling pressure, 
their results were comparable to our findings with epi- 
nephrine. In fact, their normalized E/A ratio increased 
from approximately 3.8 to 5.5. Thus, the changes in dia- 
stolic filling velocities induced by epinephrine in the cur- 
rent study are similar to the changes that occur with 
exercise. !> 

During the epinephrine infusions, there were dose- 
dependent increases in systolic function measures. M- 
mode ejection fraction, stroke distance and peak aortic 
outflow velocity increased substantially. The latter has 
been shown to accurately reflect the contractile state in 
normal hearts,!!:2!-23 and the change in systolic function 
is in accord with results from similar previous studies 
both from our laboratory and from others.?!!-14 

Study limitations: Diastolic filling is a complex phe- 
nomenon that is influenced by multiple factors. Several 
measures can be used to characterize it. Our study was 
limited to measures of transmitral filling velocities and 
time intervals. The extent to which these accurately re- 
flect invasively measured diastolic properties such as 
compliance and stiffness is unclear. Loading conditions 
influence diastolic function and they were only mea- 
sured noninvasively and indirectly in the present study. 
The pressure gradient between the left atrium and the 
left ventricle determines, in part, filling velocities.2’°° 
No intracardiac pressures were measured in the current 
study because we found it to be unacceptable to do in- 
vasive studies in a healthy study group. We studied only 
men, but a previous report did not find any gender in- 
fluence on the Doppler filling velocities.*° The location 
of the sampling site may influence the measurement of 
filling velocities. We used a constant location for the 
sampling volume. Because these studies were conducted 
in unanesthetized, unblocked humans, the observed ef- 
fects were due to both the primary effects of atropine 
and epinephrine as well as any secondary reflex activa- 
tion that occurred. 

Despite these limitations, this study offers evidence 
that parasympathetic withdrawal causes a reduction in 
peak E, a marked increase in peak A and a resultant 
reduction in the E/A ratio. These changes are mainly 
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due to changes in heart rate and diastolic filling period. 
Heart rate-induced changes in the E/A ratio were nor- 
malized by dividing the E/A by the diastolic filling peri- 
od in these young healthy subjects. Epinephrine, at 
physiologic levels, increases peak E, peak A and the E/ 
A ratio normalized by the diastolic filling period. These 
results document the major effects of parasympathetic 
withdrawal and -adrenergic stimulation on filling ve- 
locities in young normal subjects. We conclude that 
these factors are important variables that must be taken 
into account if transmitral Doppler velocities shall be 
useful measures of diastolic filling. 
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Effects of Aminophylline on Atrioventricular Conduction in Patients 
( with Late Atrioventricular Block During Inferior Wall Acute 


Myocardial Infarction 


Boris Strasberg, MD, Rony Bassevich, MD, Aviv Mager, MD, Jairo Kusniec, MD, Alex Sagie, MD, 


and Samuel Sclarovsky, MD 


wo recent case reports! have suggested a possible 

role of aminophylline in reversing atrioventricular 
(AV) block occurring during inferior wall acute myocar- 
dial infarction (AMI). This report examines the effect of 
aminophylline on AV block in a large group of patients 
with inferior AMI. 

Fifteen consecutive patients with inferior wall AMI 
who developed second-degree or complete AV block were 
included in this study (Table I). Patients had to main- 
tain a stable AV block rhythm for at least 1 hour before 
aminophylline administration. Patients with AV block 
who were receiving drugs known to depress AV nodal 
conduction were excluded (e.g., digitalis, 8 blockers, cal- 
cium channel blockers, amiodarone). Patients who de- 
veloped AV block during the hyperacute phase of the 
inferior AMI were also excluded because this early- 
appearing AV block in our experience tends to disappear 
abruptly and rapidly parallel to the disappearance of 
the superacute ischemia. Therefore, only patients with 
“late” block were included. 
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TABLE I Clinical Characteristics and Response to Aminophylline 


AV Block 
Appearance 
(days) 


5 
6 
4 
3 
2 
6 
3 
5 
4 
2 


Mean + SD 


Degree of AV Block 


Inferior AMI was diagnosed by the triad of typical 
chest pain lasting >20 minutes, evolutionary ST-T 
changes with development of pathologic Q waves in the 
inferior leads and an increase in serum cardiac enzymes. 
Aminophylline was given as a loading dose of 7 mg/kg 
infused over 20 minutes (serum levels were not mea- 
sured). Patients were monitored throughout the infusion 
period. Electrocardiographic rhythm strips were ob- 
tained before and 5 minutes after drug administration 
and the type of AV block and the atrial and ventricular 
rate noted. Blood pressure was monitored by arm cuff. 

There were 11 men and 4 women whose ages ranged 
from 52 to 85 years (mean 71 + 8). AV block was late 
in appearance (by protocol) in all patients, starting 2 to 6 
days after the hyperacute stage of AMI. The type of AV 
block was of second-degree Wenckebach type in 5 pa- 
tients, 2:1 AV block in 6 patients and complete in 4 
patients. All patients had narrow QRS complexes. At 
the time of aminophylline administration only 2 patients 
had a temporary pacemaker installed. In both, the pace- 
maker was switched off for the hour of observation be- 
fore and throughout the time of drug administration. 

The mean sinus rate before aminophylline was 90 + 
11 beats/min and decreased to 85 + 13 after drug admin- 
istration (p <0.02). There were no significant changes 


Atrial Rate Ventricular Rate 


Com.—Com. 
Com.—Com. 
Com.—Com. 


53+ 14-554 16 
p>0.1 


90 + 11-85 + 13 
p <0.02 





A = aminophylline; AV = atrioventricular; C = control; Com. = complete; dis. = dissociation; SD = standard deviation; W = Wenckebach. 
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in the ventricular rate, from 53 + 14 to 55 + 16 
beats/min. Of the 5 patients with Wenckebach-type sec- 
ond-degree AV block, 2 recovered 1:1 AV conduction 
with long PR intervals (0.30 and 0.28 second, respective- 
ly), 1 continued to have Wenckebach block but with 
longer cycles of block and the remaining 2 had no 
changes. Of the 6 patients with 2:1 AV block, 5 had no 
change in conduction. The remaining patient changed 
from 2:1 block to a 3:2 Wenckebach sequence. Of the 4 
patients with complete AV block, an acceleration of the 
junctional escape rhythm was noted in 3, and in 1 of 
them the acceleration of the junctional rhythm was 
above the sinus rate, therefore causing temporary AV 
dissociation due to junctional acceleration. No adverse 
effects were noted from the administration of aminoph- 
ylline. 

The incidence of second- and third-degree AV block 
in patients with inferior AMI is well known and ranges 
between 10 to 30%.4° However, its pathophysiology has 
not been properly established. Acute ischemia, increased 
parasympathetic activity and ischemic metabolites with 
negative dromotropic effects have been implicated in the 
development of AV block.° 

Several studies have classified the AV blocks occur- 
ring during inferior AMI according to the time of appear- 
ance of the AV block (early versus late block). These 
studies have shown contradictory results. For example, 
Feigl et alf reported that AV block occurring early in the 
course of inferior AMI is atropine-responsive, and was 
likely to be due to vagotonia, compared with a more 
delayed onset of AV block, which tends to be atropine- 
resistant and more likely secondary to AV node ischemia. 
We have found opposite results.* In our group with early 
AV block, 36% of patients responded to atropine, whereas 
in the group with late AV block, 77% responded to atro- 
pine. We hypothesized that the appearance of AV block 
observed in the very early period of AMI (hyperacute 
stage) is related to severe and transient ischemia of the 
AV node, whereas AV block occurring during the subse- 
quent stages of the infarct (late block) may be related to 
an increased release of metabolites that slow AV nodal 
conduction, such as potassium and adenosine. 

In this context, 2 recent case reports tested the effica- 
cy of aminophylline in reversing AV block in 3 patients 
with atropine-resistant AV block occurring in the late 
phase of the AMI (late block).!? Aminophylline, a com- 
petitive antagonist of the dromotropic effects of adeno- 
sine, improved AV conduction in all 3 patients, suggest- 
ing metabolic etiology in at least some cases of AV block. 
In this study we prospectively evaluated the effect of 
aminophylline in 15 patients with inferior AMI who de- 
veloped “late block.” We found a facilitation of AV con- 
duction in 3 of 5 patients with a Wenckebach type of 
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second-degree AV block. In patients with a higher degree 
of AV block, such as 2:1 or complete AV block, no benefi- 
cial effects were noted. It seems that in milder degrees of 
AV block, aminophylline may exert salutatory effects on 
AV conduction, whereas in more advanced degrees of 
block, no effect can be seen. There are several explana- 
tions to our results. First, these late AV blocks are caused 
by the release of adenosine and potassium, with different 
degrees of block representing different concentrations of 
the released metabolites. Aminophylline in the dosage 
given was able to antagonize only mild cases. Second, 
these late AV blocks are not caused by the release of 
metabolites, and in the few cases in which we saw an 
improvement in AV conduction, this was due to the sym- 
pathomimetic action of aminophylline.! We did not mea- 
sure aminophylline levels, however; we gave similar doses 
as in previous case reports. At these dosages, the serum 
concentration of aminophylline is below the threshold 
concentration required to release catecholamines or in- 
crease tissue cyclic adenosine monophosphate content.’ 
In addition, in this concentration range, plasma catechol- 
amines were not changed by theophylline.’ As noted also 
by Wesley et al,! sinus cycle lengths either did not change 
or actually lengthened after aminophylline, thus arguing 
against a sympathomimetic action. Only in patients with 
complete AV block did we see an increase in the junction- 
al escape rate, suggesting a possible sympathetic action. 
Our study suggests that aminophylline improves AV con- 
duction in some patients with late AV block complicating 
inferior AMI. Patients with the greatest chance of im- 
proving are those with milder degrees of AV block and 
therefore with the lesser need for therapy. Further studies 
are needed to elucidate the possible role of aminophylline 
in early AV blocks and in possible subgroups of late AV 
blocks, such as atropine-resistant or responsive AV block. 
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Detection of Myocardial Viability in Stunned or Hibernating 
Myocardium by Delayed Emptying on Radionuclide Ventriculography 
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PhD, Brian F. Hutton, MSc, Andrew F. McLaughlin, MB, Eleanor K. Whitehead, DCR, David T. Kelly, MB, 


Phillip J. Harris, MB, D Phil, and John G. Morris, MB 


E regions of myocardium with absent or severely de- 
pressed contractile function, differentiation between 
necrotic and either stunned or hibernating myocardium 
(viable tissue) can be difficult, and is now a common 
clinical problem. Although myocardial stunning and hi- 
bernation are different processes, function can improve in 
both: after the passage of time in the former! and after 
revascularization in the latter.” Both share the property 
of residual contractile activity! which can be demon- 
strated by inotropic stimuli*> or after nitroglycerin.46 
Recently, postsystolic shortening has been shown to pre- 
dict late recovery of contractile function in akinetic seg- 
ments after acute coronary occlusion in a canine model of 
stunned myocardium.’? We postulate that regional de- 
lay in peak emptying on radionuclide ventriculography 
could detect this phenomenon noninvasively and thereby 
provide a marker of myocardial viability in dysfunctional 
regions which are either stunned or hibernating. This 
report describes the radionuclide technique and results of 
revascularization in 7 patients with delayed emptying on 
preoperative radionuclide ventriculography. 

Over a 9-month period, we identified delayed empty- 
ing on radionuclide ventriculography in7 patients sched- 
uled for revascularization (Table I). In 3, tardokinesia!° 
or postsystolic contraction was seen on the radionuclide 
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ventriculogram, and in all 7, the question of viability was 
raised clinically. No patient had bundle branch block on 
the electrocardiogram. Two patients were studied <1 
week after an acute anterior infarction: 1 Q-wave (pa- 
tient 2) and 1 non-Q-wave infarction (patient 6, Table I). 
Another 2 were studied <2 weeks after acute anterior Q- 
wave infarction (patients 3 and 5). Of the remaining 3 
patients, 1 had sustained an anterior Q-wave infarction 8 
weeks previously (patient 4), whereas the other 2 had no 
history of anterior wall infarction and were studied be- 
cause of recurrent left ventricular failure (patient 7) or 
unstable angina (patient 1). 

All patients underwent radionuclide ventriculog- 
raphy before revascularization, and repeat radionuclide 
ventriculography 1 to 9 months after revascularization 
(mean 3.9 months). The patients had been considered for 
revascularization before entering the study on the basis 
of either recurrent chest pain or ischemia on thallium 
studies. All had severe regional depression (akinesia or 
severe hypokinesia) of anterolateral or apical wall mo- 
tion, or both, on contrast left ventriculography. Clinical 
details and results of coronary angiography are listed in 
Table I. Coronary angiograms were graded visually by 
an angiographer blinded to the radionuclide data, and 
revealed =90% diameter reduction of the left anterior 
descending coronary artery in every patient. Coronary 
bypass surgery was performed in 6 patients, and 1 had 
balloon angioplasty. 

Red blood cell labeling was performed using the in 
vivo technique with intravenous injection of 10 ug/kg 
stannous ion and 750 MBq of technetium-99m pertech- 
netate. Studies were performed using a small field-of- 


TABLE I Clinical Details, Timing of Radionuclide Ventriculography and Coronary Angiography, and Results of Coronary 


Angiography and Contrast Ventriculography 


Percent Diameter 
Reduction at 
Coronary Angiography 


Interval AMI Interval 
to RNVG AMI-CA 
(weeks) (weeks) 


Age(yr) Q-wave AMI 
AMI Site Right 

Inferior 

Anterior 


Anterior 
Anterior 
Anterior 
on-Q Anterior 


Interval 
Revascularization 
to Second 

RNVG (mos) 


Delay 

in Peak 
Emptying 
(ms) 


Contrast 
LC Ventriculogram 


Apical severe hypokinesia 

Apical akinesia 

Anterolateral severe hypokinesia 
Apical akinesia 

Apical severe hypokinesia 

Apical severe hypokinesia 

Apical akinesia 

Apical severe hypokinesia 
Anterolateral severe hypokinesia 


AMI = acute myocardial infarction; CA = coronary angiography; LAD = left anterior descending coronary artery; LC = left circumflex coronary artery; LM = left main coronary ar- 
tery; Non-Q = non-Q-wave AMI; right = right coronary artery; RNVG = radionuclide ventriculography. 
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view mobile gamma camera with a low-energy all-pur- 
pose 30° slant hole collimator to maximize visual sepa- 
ration of atria and ventricles. A parallel hole collimator 
was used for the anterior and left lateral views, and a 30° 
slant hole collimator for the left posterior oblique view. 
Data acquisition was synchronized to the electrocardio- 
gram using 24 frames for the left anterior oblique view, 
and 16 frames for the other 3 views. Time-activity curves 
for the left ventricular blood pool were obtained for the 
left anterior oblique view using semiautomatic definition 
of the left ventricular region at different stages of the 
cardiac cycle.!! Background activity was estimated from 
a region of interest outside the apical and lateral walls. 

The parametric image of time to peak emptying was 
obtained for the left anterior oblique view based on a 3- 
component Fourier analysis of the left ventricular re- 
gion,'* and used to identify the abnormal segment. This 
image demonstrated an area of synchronous delay in 
time to peak emptying, out of phase with the remainder 
of the ventricle, in all patients. An example is shown in 
Figure 1. Regions of interest were drawn over the abnor- 
mal and normal segments, and background-corrected 
time-activity curves produced for the normal and abnor- 
mal segments (Figure 1). Delayed emptying was defined 
as a clearly identified delay >80 ms between troughs of 
the 2 curves. In the canine model,’ the best correlate of 
early return of regional systolic function was total short- 
ening (regional postsystolic plus systolic shortening, ref- 
erenced to global end-systole). This corresponds with 
total regional emptying (postsystolic plus systolic emp- 
tying) in the abnormal segment on radionuclide ventric- 
ulography, as illustrated in Figure 1. 

Regional wall motion was assessed before and after 
revascularization by a consensus of =2 experienced 
observers blinded to the other data, to determine whether 
improvement had occurred. A visual analog wall motion 





score (0 = normal, 1 = mild hypokinesia, 2 = moderate 
hypokinesia, 3 = severe hypokinesia, 4 = akinesia, 5 = 
dyskinesia) was given to each of 5 regions: septum, 
apex, anterior, lateral and inferior walls. Regional ejec- 
tion fraction was calculated by a semiautomated tech- 
nique dividing the ventricle into 6 regions relative to the 
long axis of the ventricle at end systole.!! This has been 
expressed as standard deviation from the normal range 
derived in our laboratory. Global ejection fraction was 
also ealculated using a standard technique.'! Paired t 
tests were used to compare mean wall motion scores and 
ejection fraction before and after revascularization. A p 
value <0.05 was considered statistically significant. 

All 7 patients had an apical region of synchronous 
delayed emptying on the parametric image of time to 
peak emptying, which extended to the ventricular sep- 
tum in 6. The regional time-activity curves of the ab- 
normal segments demonstrated continued reduction in 
counts after global end-systole in all 7 patients. An ex- 
ample is shown in Figure 1. In all patients, the postsys- 
tolic plus systolic decrease in counts below end-diastolic 
counts (total emptying) exceeded the systolic increase in 
counts in the abnormal area (Figure 1). The mean time 
delay in emptying between normal and abnormal areas 
was 170 + 50 ms. Individual values are listed in Table I. 

Revascularization was clinically unsuccessful in I 
patient (no. 4) who underwent balloon angioplasty to the 
left anterior descending coronary artery, and sustained 
an extension of his previous anterior infarction. The re- 
mainiag 6 patients had an uncomplicated perioperative 
course after coronary artery bypass surgery. 

Figure 2 details the changes in regional wall motion 
for each patient. In the 6 patients with uncomplicated 
bypass surgery there was an improvement in apical re- 
gional wall motion score of 23, with the mean score 
decreasing from 3.8 + 0.8 to 0.7 + 0.8 (p <0.01). Septal 


End Systole 


FIGURE 1. Parametric image of time to peak emptying in left anterior oblique view from the preoperative radionuclide ventricu- 
logram. The abnormal area with a delayed time to peak emptying extending from apex into the septum has been shaded and 
outlined as the abnormal region of interest. Time-activity curves on the right from the normal and abnormal areas show a 200- 
ms delay in emptying of the abnormal area after global end systole. Compared with end-diastolic counts (horizontal dashed 
line), the small systolic increase in counts (small vertical dashed line on left = dyskinesia) is less than the decrease in counts in 
the abnormal region (/arge vertical dashed line on right = total emptying). 
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FIGURE 2. Regional left ventricular func- 
tion assessments from radionuclide ven- 

y in individual patients before 
(PRE) and after (POST) operation. Top 2 
panels, indexes derived from the septum; 
lower 2 panels, indexes derived from the 
apex; left, regional visual wall motion 
(WM) scores (range 0 to 5); right, regional 
ejection fraction (EF) in standard deviation 
(SD) units from the mean of the normal 
range. Values for individual patients are 
joined by solid lines. Dashed line indicates 
the patient with unsuccessful angioplasty 
in whom regional function deteriorated af- 
ter revascularization. To the left and right 
are mean + standard error bars for the 6 
patients with successful revascularization. 
P values are for paired t tests comparing 
results before and after operation in the 6 
patients with successful revascularization. 


REGIONAL WM SCORE 


REGIONAL WM SCORE 


scores improved = 3 in 3 of the 6 patients, with the mean 
score decreasing from 2.2 + 1.5 to 0.3 + 0.8 (p <0.05). 
Apical ejection fraction improved 22 standard devi- 
ations (from the normal range) in all 6 patients, with a 
significant mean improvement from —5.4 + 3.0 to —0.8 
+ 2.2 (p <0.05). Septal ejection fraction changed from 
—2.4 + 1.3 to —0.7 + 1.6, but this was not significant. 
The global ejection fraction improved =5% in 4 of the 6 
patients, with the mean ejection fraction improving from 
47 + 12% to 58 + 6%, p <0.05 (Figure 3). The patient 
with the worst global function had a large improvement, 
from 28 to 51%. The patient with unsuccessful angio- 
plasty showed a deterioration in regional wall motion 
score of the anterior wall, as well as a worsening of 
regional apical and global ejection fractions, indicating 
that this myocardial region may have been viable before 
attempted revascularization. 

After revascularization, all 6 patients with uncompli- 
cated bypass surgery had normal parametric images of 
time to peak emptying, with no areas of delay. The 
patient in whom angioplasty was not successful had a 
persistent regional delay in time to peak emptying. 

These results suggest that the phenomenon of postsys- 
tolic shortening, which predicts viability in a canine mod- 
el of infarction,®? can be detected noninvasively by radio- 
nuclide ventriculography in patients with coronary artery 
disease. Synchronous regional delay in emptying can be 
readily appreciated in parametric images of time to peak 
emptying, with regional time-activity curves demonstrat- 
ing delay in the nadir of counts compared to end-systole 
in the normal regions. This noninvasive demonstration of 
postsystolic shortening in areas with severely reduced or 
absent systolic contractile function on contrast ventric- 
ulograms identified myocardial segments that were via- 
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ble and that could show improved systolic function after 
successful revascularization. 

This technique does not differentiate between stunned 
and hibernating myocardium, which may be relevant in 4 
of the patients studied soon after infarction. While stun- 
ning may have contributed to the wall motion abnormali- 
ty in these 4 patients, all 4 had severe residual stenoses in 
the infarct-related artery of sufficient severity to produce 
chronic ischemia and hibernation. It is likely, however, 
that the phenomenon of delayed emptying may be ap- 
plied to predict viability and potentially recoverable func- 
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FIGURE 3. Global left ventricular ejection fraction for the indi- 
vidual patients before (PRE) and after (POST) operation. 
Mean global ejection fraction (EF) in the 6 patients with suc- 
cessful revascularization increased significantly after revascu- 
larization. See legend for Figure 2. 
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tion in both stunned and hibernating myocardium, as the 
property of residual contractile function appears to be 
shared by both.!-3 

This study was confined to patients with abnormali- 
ties of wall motion in the distribution of the left anterior 
descending coronary artery, affecting the septum, apex or 
anterolateral wall, since the parametric analysis of time 
to peak emptying was performed only on the left anterior 
oblique view. Further studies would be required to assess 
whether this technique was applicable to inferior or poste- 
rior wall motion abnormalities. Another potential limita- 
tion of this method is the differentiation of active postsys- 
tolic contraction from passive elastic recoil in areas com- 
posed of necrotic or scar tissue. In the canine model, there 
was no relation between systolic lengthening (dyskinesia) 
and postsystolic shortening, indicating this is not likely 
due to passive recoil.*? In all our patients, there was a 
substantial decrease in counts below end-diastolic counts 
in the abnormal segment, to a minimum after global end- 
systole (total empyting, Figure 1), which exceeded the 
systolic increase in counts (dyskinesia) in that segment. 
This would be in favor of an active but delayed contractile 
process. 

We conclude that the phenomenon of postsystolic 
shortening may be detected noninvasively by delayed 
emptying on radionuclide ventriculography. This appears 
to be a promising technique for the identification of resid- 
ual viable myocardium in akinetic or severely hypocon- 
tractile regions that can improve after successful revascu- 
larization. Further studies are needed to determine the 
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sensitivity and specificity of the finding and its clinical 
applicability. 
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Prognostic Significance of Hydropericardia and Pericardial Friction 
Rub in Q-Wave Acute Myocardial Infarction 


Tetsuro Sugiura, MD, Toshiji lwasaka, MD, Nobuyuki Takahashi, MD, Fumio Yuasa, MD, Hisako Tsuji, MD, 
Tadashi Hasegawa, MD, Masahide Matsutani, MD, and Mitsuo Inada, MD 


i t is generally agreed that a pericardial friction rub or a 
pericardial effusion is not associated with increased 
hospital mortality during acute myocardial infarction 
(AMI).!~° Because a pericardial friction rub has been 
reported as a noninvasive sign of pericardial inflamma- 
tion, irrespective of whether it is associated with a peri- 
cardial effusion, we hypothesized that the clinical course 
of patients with a pericardial effusion without a pericardi- 
al friction rub (hydropericardia) is different from that of 
patients with a pericardial friction rub. In this investiga- 
tion, hydropericardia and pericardial friction rub were 
evaluated along with 8 other clinical factors that may 
affect hospital mortality to determine the prognostic im- 
portance of each factor in patients with a first Q-wave 
AMI. 

We studied 330 consecutive patients with a first Q- 
wave AMI (anterior wall, 203; inferior wall, 127) who 
were admitted to the coronary care unit within 24 hours 
from the onset of chest pain and who survived the first 3 
days after admission. It is a routine procedure in our 
hospital to insert a Swan-Ganz catheter in patients with 
an AMI admitted within 24 hours from the onset of chest 
pain. All patients were examined by a physician, and 
written informed consent was obtained before the Swan- 
Ganz catheter insertion. No patient had chronic renal 
failure, collagen disease, cardiac surgery within the pre- 
vious 6 months, or metastatic disease. Technically satis- 
factory echocardiograms could not be obtained in 37 
patients, and they were not included in this study. 

The diagnosis of AMI was made when patients had 
an ST elevation with new Q waves (anterior wall, 22 in 
V- inferior wall, leads II, III and aVF) in serial elec- 
trocardiograms and = 2 times the normal elevation in the 
level of serum creatine kinase with MB isoenzyme >5%. 
All patients were examined by careful auscultation = 2 
times per day. Pericardial friction rub was considered as 
a to-and-fro scratchy or grating noise heard in systole, 
mid-diastole and presystole or in only 1 of these phases, 
with diagnosis made after confirmation by = 2 cardiolo- 
gists blinded to echocardiographic findings. Cardiac 
output, pulmonary capillary wedge and right atrial pres- 
sures were determined via the Swan-Ganz catheter at the 
time of admission. Total protein, albumin and globulin 
levels were measured on the day of admission. Colloid 
osmotic pressure was calculated according to the Nitta- 
Staub equations®: Colloid osmotic pressure = a(2.8c 
+ 0.18c? + 0.012c?) + b(0.9c + 0.12c? + 0.004c?), 
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where a is albumin fraction, b is globulin fraction and c 
(g/dl) is total protein. Arterial blood was taken from the 
radial or femoral arteries at the time of admission, with 
the patients breathing room air. The alveolar arterial 
oxygen difference was calculated by assuming a respira- 
tory quotient equal to 0.8. 

Two-dimensional and M-mode echocardiography 
were performed with an SSD 870 phased-array sector 
scanner (Aloka, Tokyo). All classic views were recorded 
on videotape for subsequent analysis by observers un- 
aware of the patients’ clinical data. The presence of 
pericardial effusion was assessed on the third day of 
hospitalization with the method described by Horowitz 
et al.’ An epicardial-pericardial separation that persist- 
ed throughout the cardiac cycle (D pattern) was consid- 
ered diagnostic of pericardial effusion. Regional left 
ventricular wall motion abnormalities were assessed by 
2-dimensional echocardiography obtained on the third 
day of hospitalization. Analysis of the left ventricular 
wall was performed with 11 segments obtained by long- 
and short-axis images,’ and the number of segments 
with advanced asynergy (akinesia or dyskinesia) was 
calculated. Functional left ventricular aneurysmal mo- 
tion was defined by 2-dimensional echocardiography as 
an area of thinned myocardium that was dyskinetic in 
systole, with distinct diastolic deformity and preserved 
adjacent wall motion. 

Results are reported as mean + standard deviation. 
Student’s t test was used for quantitative data, and chi- 
square analysis for qualitative data. Discriminant anal- 
ysis was performed to evaluate the important variables 
affecting hospital mortality. The categorical variables 
were subdivided as being either absent or present. A p 
value <0.05 was considered statistically significant. 

Of the 330 patients with a Q-wave AMI, hydroperi- 
cardia was observed in 45, and pericardial friction rub 
during the first 3 days after admission in 67. Hydroperi- 
cardia and pericardial friction rub were absent in 218 
patients. Hospital mortality rates were 27% in patients 
with hydropericardia, 12% in those with pericardial fric- 
tion rub and 6% in those free of hydropericardia and 
pericardial friction rub. No patient had clinical or echo- 
cardiographic evidence of tamponade. There was a sta- 
tistically significant difference in hospital mortality 
among the 3 groups (p <0.001). 

To determine the important variables associated with 
hospital mortality, 8 clinical variables were compared 
between survivors and nonsurvivors (Table I). When the 
presence of hydropericardia and pericardial friction rub 
were added to the 8 clinical variables in the multivariate 
analysis, age (F = 7.6, p <0.01), alveolar arterial oxy- 
gen difference (F = 12.0, p <0.001), advanced asynergic 
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TABLE I Clinical Characteristics 


Nonsurvivors Survivors 
(n = 34) (n = 296) 


71+10 60+ 12 
3.91 +1.06 4.99+ 1.22 
156 1125 


p Value 
Age (yr) 


Cardiac output (liters /min) 
Pulmonary capillary 

wedge pressure (mm Hg) 
Right atrial pressure (mm Hg) 6+4 


48415 


5+3 
34412 


Alveolar arterial oxygen 
difference (torr) 

Colloid osmotic pressure 
(mm Hg) 

Aneurysmal motion 
Absent 25 
Present 9 48 


23+3 2444 


248 


Asynergic segments 45414 28418 <0.001 


NS = difference not significant. 


segments (F = 8.4, p <0.01) and hydropericardia (F = 
4.2, p <0.05) were found to be the statistically signifi- 
cant variables associated with hospital mortality. The 
probability of discrimination was 0.8. 

Among the 45 patients with hydropericardia, 16 re- 
ceived intravenous or intracoronary urokinase, whereas 
21 patients with pericardial friction rub and 66 patients 
free of hydropericardia and pericardial friction rub re- 
ceived urokinase. There was no significant difference in 
the number of the patients who received thrombolytic 
therapy among the 3 groups. We routinely give heparin 
to all patients with AMI in our coronary care unit. Simi- 
larly, no significant difference was seen among the 3 
groups regarding the use of antiplatelet agents (aspirin) 
received by 35 patients with hydropericardia, 51 patients 
with pericardial friction rub and 163 patients free of 
hydropericardia and pericardial friction rub. 

Among our 330 patients with a Q-wave AMI, a peri- 
cardial friction rub was present in 67 and hydropericardia 
in 45. In this study, pericardial friction rub and hydro- 
pericardia were evaluated with 8 other clinical variables 
to define their clinical significance in predicting hospital 
mortality. As a result of multivariate analysis, hydroperi- 
cardia was selected with age, advanced asynergic seg- 
ments and alveolar arterial oxygen difference as impor- 
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tant variables associated with hospital mortality, but the 
relative importance of pericardial friction rub was low. 
The presence of pericardial effusion was not related to 
higher hospital mortality in a previous study,’ but this 
might be because that study did not further evaluate the 
different mechanisms associated with the occurrence of 
pericardial effusion, i.e., inflammatory and hydrostatic 
effusion. As hydropericardia appears to result from an 
increase in the production of myocardial interstitial fluid 
or from interference with myocardial venous and lymph 
drainage,’'! an increase in hydrostatic pressure and dis- 
turbance of pulmonary gas exchange, resulting from 
more extensive myocardial damage, were primary factors 
related to increased mortality, and hydropericardia in 
itself was an important clinical sign related to hospital 
mortality. 


1. Krainin FM, Flessas AP, Spodick DH. Infarction-associated pericarditis: 
rarity of diagnostic electrocardiogram. N Engl J Med 1984;311:1211-1214. 
2. Dubois C, Smeets JP, Demoulin JC, Pierard L, Henrard L, Preston L, Kulber- 
tus HE. Frequency and clinical significance of pericardial friction rubs in the 
acute phase of myocardial infarction. Eur Heart J 1985;6:766-768. 

3. Galve E, Garcia-Del-Castillo H, Evangelista A, Batlle J, Permanyer-Miralda 
G, Soler-Soler J. Pericardial effusion in the course of myocardial infarction: 
incidence, natural history, and clinical relevance. Circulation 1986;73:294-299. 
4. Pierard LA, Albert A, Henrard L, Lempereur P, Sprynger M, Carlier J, 
Kulbertus HE. Incidence and significance of pericardial effusion in acute myocar- 
dial infarction as determined by two-dimensional echocardiography. J Am Coll 
Cardiol 1986;8:517-520. 

5. Tofler GH, Muller JE, Stone PH, Willich SN, Davis VG, Poole K, Robertson 
T, Braunwald E. Pericarditis in acute myocardial infarction: characterization and 
clinical significance. Am Heart J 1989;117:86-90. 

6. Nitta S, Ohnuki T, Ohkuda K, Nakada T, Staub NC. The corrected protein 
equation te estimate plasma colloid osmotic pressure and its development on a 
nomogram. Tohoku J Exp Med 1981;135:43-49. 

7. Horowitz MS, Shultz CS, Stinson EB, Harrison DC, Popp RL. Sensitivity and 
specificity of echocardiographic diagnosis of pericardial effusion. Circulation 
1974;50:239-247. 

8. Gibson RS, Bishop HL, Stamm RB, Crampton RS, Beller GA, Martin RP. 
Value of early two dimensional echocardiography in patients with acute myocar- 
dial infarction. Am J Cardiol 1982;49:1110-1119. 

9. Miller AJ, Pick R, Johnson PJ. The production of acute pericardial effusion: 
the effects of various degrees of interference with venous blood and lymph drain- 
age from the heart muscle in the dog. Am J Cardiol 1971;28:463-466. 

10. Spodick DH. The normal and diseased pericardium: current concepts of 
pericardial physiology, diagnosis and treatment. J Am Coll Cardiol 1983;1:240- 
251. 

11. Sugiura T, Iwasaka T, Takayama Y, Matsutani M, Hasegawa T, Takahashi 
N, Inada M. Factors associated with pericardial effusion in acute Q-wave myocar- 
dial infarction. Circulation 1990;81:477-481. 





Impaired Hepatic Function Tests After Thrombolysis for Acute 


Myocardial Infarction 


Dov Freimark, MD, Ron Leor, MD, Hanoch Hod, MD, Dan Elian, MD, Elieser Kaplinsky, MD, 


and Babeth Rabinowitz, MD 


uring recent years, thrombolysis has become an es- 

tablished therapy for patients with an acute myocar- 
dial infarction (AMI). Some degree of impairment in 
hepatic function tests during AMI has been reported 
previously.' In addition, few reports documented tran- 
sient toxic hepatitis in patients with peripheral vascular 
disease treated with streptokinase.” We prospectively 
studied the frequency of hepatic dysfunction in patients 
with AMI randomized to either streptokinase or recombi- 
nant tissue-type plasminogen activator (rt-PA). 

One hundred eight consecutive patients inwhom AMI 
was diagnosed entered the study. The diagnosis of AMI 
was based on typical, prolonged ischemic chest pain last- 
ing from 30 minutes to 6 hours, ST-segment elevation of 
=0.1 mV in =2 contiguous leads on the admission elec- 
trocardiogram, and elevated serum creatine kinase levels 
of myocardial origin. Exclusion criteria were: age >75 
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TABLE I Liver Function Tests on Admission, at Three Days 
and on Follow-Up at Three Months 


Streptokinase rt-PA Conservative 


Admission 
Peak 
Follow-up 


Admission 
Peak 
Follow-up 


Admission 
Peak 
Follow-up 


Admission 
Peak 
Follow-up 


(n = 36) 
(FU = 27) 


28413 
90 + 59 W4,M3 
27+11 


26+ 18 
114+ 147 W4,M2 
35+ 26 


93+ 25 
148+ 95 W4,M1 
88 + 22 


0.4+0.3 
0.8 + 0.7 W4,NS 
0.5+0.2 


(n= 41) 
(FU = 31) 


28+ 13 
69 + 38 W4,M2 
2449 


24417 
36 + 24W3,NS 
26+ 14 


89 + 26 
96 + 26 W1,NS 
80+ 18 


0.4 + 0.2 
0.7 + 0.3 W4,NS 
0.4+0.1 


(n = 32) 
(FU =0) 


29411 
43 + 20 W3 


2449 
34 +24 W2 


96 + 37 
104+ 40W1 


0.6+0.3 
0.8 + 0.3 W3 


W1 = p <0.05; W2 = p <0.01; W3 = p <0.001; W4 = p <0.0001 (peak value 
compared to admission value for each patient by the Wilcoxon test). 


M1 = p <0.05; M2 = p <0.001; 


compared to control group by the Mann-Whitney test). 

ALAT = alanine aminotransferase (range 6 to 45 IU/ml); AP = alkaline phospha- 
tase (range 10 to 85 IU/ml); BILI = bilirubin (range 0.1 to 1.1 mg/dl); FU = number 
of patients for whom follow-up data are available; GGT = gamma glutamyl transpepti- 
dase (range <50 IU/ml); n = number of patients on admission; NS = difference not 


significant. 


M3 = p <0.0001 (peak change in each group, 
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years, cerebrovascular accident during the last 6 months, 
bleeding predisposition (i.e., oral anticoagulant therapy, 
recent trauma, history of bleeding), history of congestive 
heart failure or cardiac surgery, moderate to severe 
heart failure or cardiogenic shock on admission or dur- 


CONTROL 





FIGURE 1. Alkaline phosphatase (IU/ml) level (vertical axis) 
in the 3 therapeutic groups (normal 10 to 85). Vertical bars 
represent the mean + standard deviation. A = admission; F = 
follow-up level at 3 months; PEAK = peak level during hospi- 
talization; r-TPA = recombinant tissue-type plasminogen acti- 
vator. 








ing hospitalization, and left bundle branch block on the 
qualifying entry electrocardiogram. Seventy-seven pa- 
tients were randomly assigned to either 1,500,000 IU of 
streptokinase (Behring, Federal Republic of Germany) 
(n = 36) or 100 mg of rt-PA (Boehringer Ingelheim, 
Federal Republic of Germany) (n = 41). Thirty-two 
patients who did not consent to thrombolytic therapy or 
who were not suitable for such therapy served as control 
subjects. Liver function tests? were evaluated by measur- 
ing bilirubin, alkaline phosphatase, alanine aminotrans- 
ferase and gamma glutamyl transpeptidase on admis- 
sion and then at daily intervals for 5 days. The same 
blood tests were repeated on follow-up 3 months later. 

Values within each group were compared by the Wil- 
coxon matched-pairs signed rank test (2-tailed test).4 
Changes among groups were compared with the Mann- 
Whitney test.4 Values for each measurement are present- 
ed as the mean + standard deviation. 


FIGURE 2. Alanine aminotransferase (IU/ml) level (vertical 
axis) in the 3 therapeutic groups (normal 6 to 45). Vertical 
bars represent the mean + standard deviation. Abbreviations 
as in Figure 1. 
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Serum levels of alanine aminotransferase, gamma 
glutamyl transpeptidase, alkaline phosphatase and bili- 
rubin are listed in Table I. Admission values for all tests 
were normal in all 3 groups. At 3 days, all test results 
were significantly abnormal in all groups, compared 
with baseline values on admission. There was a slight 
liver function impairment in the control group, a moder- 
ate change in the rt-PA group and a pronounced change 
in the streptokinase group. Peak changes in liver func- 
tion tests for the thrombolysis groups were compared 
with peak changes in values for the conservatively treat- 
ed group. Levels of alkaline phosphatase, gamma gluta- 
myl transpeptidase and alanine aminotransferase were 
significantly higher in the streptokinase group, whereas 
only alanine aminotransferase approached significantly 
higher levels in the rt-PA group. In the streptokinase 
group, 15 of 36 patients (41%) had elevated liver en- 
zymes >2 times the normal level, compared with 11 of 


A F 
STREPTOKINASE 


CONTROL 


FIGURE 3. Gamma glutamyi transpeptidase (IU/ml) level (ver- 
tical axis) in the 3 therapeutic groups (normal <50). Vertical 
bars represent the mean + standard deviation. Abbreviations 
as in Figure 1. 


4] patients (27%) in the rt-PA group and 1 of 31 sub- 
jects (3%) in the control group. All these changes nor- 
malized at 3 months (Figures 1, 2 and 3). 

A few case reports and a small study documented a 
degree of hepatic dysfunction after the administration of 
streptokinase to patients with peripheral arterial obstruc- 
tion.23-5 Mixed cholestatic and hepatocellular damage 
peaked at 3 days and then declined gradually within 2 
months. We measured liver enzymes in patients with 
AMI and observed a similar trend. Some degree of hepat- 
ic dysfunction was found in those who did not receive 
thrombolytic therapy, a somewhat higher impairment in 
those treated with rt-PA and a pronounced change in 
those treated with streptokinase. No patient went into 
hepatic failure, and complete resolution was observed 
within 3 months. 

The pathophysiologic mechanism of this toxic, hepati- 
tis-like picture has not yet been elucidated. The 3 fore- 
most possibilities are a sudden disturbance of the micro- 
circulation of the liver, hepatotoxicity of the thrombolytic 
agent or the generated proteolytic enzymes, or an immu- 
nologic reaction. Some degree of liver function impair- 
ment during AMI without thrombolytic therapy has pre- 
viously been described! and parallels our results. The 
infusion of streptokinase into an isolated hemoglobin- 
free and volume-constant perfused rat liver did not cause 
liver enzyme release, whereas the addition of plasmin or 
plasmin activator led to a marked acceleration of enzyme 
release.2 Major adverse effects of streptokinase include 
bleeding, transient hypotension and a variety of allergic 
reactions.° It seems that the degree of liver function im- 





pairment that we observed was caused by the combined 
toxic effect of plasmin and plasmin activator, a compo- 
nent of allergic hepatitis and a reaction to hemodynamic 
derangement, all against a background of a mild basic 
liver function impairment known to occur in patients with 
an AMI. The greater prominence of liver dysfunction 
with streptokinase than with rt-PA may probably be 
ascribed to the more local action of rt-PA on formed 
thrombi. 

We conclude that thrombolysis, particularly with 
streptokinase, causes an acute, pronounced impairment 
of hepatic function that does not lead to either acute 
hepatic failure or chronic hepatic disease and that heals 
gradually and completely within 3 months. We suggest 
that patients with impaired hepatic function who need 
thrombolytic therapy should be treated with rt-PA rather 
than with streptokinase. 
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Influence of Gender on Inducibility of Ventricular Arrhythmias in 
Survivors of Cardiac Arrest with Coronary Artery Disease 


Paul T. Vaitkus, MD, K. Elizabeth Kindwall, MD, John M. Miller, MD, Francis E. Marchlinski, MD, Alfred 


E. Buxton, MD, and Mark E. Josephson, MD 


he influence of gender on the clinical manifestations, 

results of testing and prognosis of heart disease has 
recently been emphasized. These observations have in- 
cluded epidemiologic reports on different clinical predic- 
tors of sudden death in men and women! and disparate 
results of electrophysiologic testing in survivors of cardiac 
arrest.* Previous studies examining clinical predictors of 
arrhythmia inducibility in patients with cardiac arrest 
have documented that male gender is an important pre- 
dictor of inducibility.» These studies enrolled patients 
with a variety of cardiac disorders and the difference in 
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inducibility may have been partly explained by a differing 
prevalence of coronary artery disease.* This observation, 
however, could not fully explain the difference in out- 
come of electrophysiologic testing in men and women.? 
We undertook the present study to evaluate if differences 
in electrophysiologic substrate could explain the differ- 
ence in inducibility between men and women with coro- 
nary artery disease and cardiac arrest. 

We studied 52 men and 13 women with coronary 
artery disease and cardiac arrest unrelated to recent 
myocardial infarction and not associated with the ad- 
ministration of antiarrhythmic medications. The follow- 
ing variables were analyzed: age, history of myocardial 
infarction, ejection fraction, and number of diseased cor- 
onary arteries (defined as =70% obstruction), inducibil- 
ity of sustained ventricular arrhythmias, endocardial 
catheter mapping abnormalities, and signal-averaged 
electrocardiography. Our stimulation protocol, endo- 
cardial catheter mapping scheme? and methods of sig- 
nal-averaged electrocardiography°’ have been described 
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TABLE I Clinical Variables and Results of Endocardial 
Mapping and Signal-Averaged Electrocardiography in Male 
and Female Survivors of Cardiac Arrest 





Women p Value 













Number of patients 52 13 

Age (yr) 60+8 65+7 0.04 
History of MI (%) 42 (81) 10(77) NS 
Number of diseased coronaries 2.3408 19409 NS 














Ejection fraction (%) 37417 31422 NS 
Inducible arrhythmias (%) 

VT 27 (52) 4 (31) 

VF 11 (21) 1 (8) 

NSVT 7 (13) 5 (38) 

None 7 (13) 3 (23) 
Normal sites (%) 55427 51+28 NS 
Abnormal sites (%) 42+26 43425 NS 
Fractionated sites (%) 3+8 6+15 NS 
Early sites (%) 15415 16+17 NS 
Late sites (%) 7+10 8412 NS 
Late, abnormal or fractionated sites 5+9 9+13 NS 






(%) 
Duration of longest electrogram(ms) 107433 107422 NS 
Total endocardial activation time 60+32 55416 NS 

(ms) 

Offset latest electrogram 
Filtered QRS duration (ms) 









115436 118431 NS 
122+30 108424 NS 



















MI = myocardial infarction; NS = difference not significant; NSVT = nonsustained 
ventricular tachycardia; SAECG = signal-averaged electrocardiogram; VF = ventricu- 
lar fibrillation; VT = ventricular tachycardia. 






in detail previously. Stimulation includes the introduc- 
tion of 1, 2 and 3 extrastimuli at 2 right ventricular sites 
at =2 drive cycle lengths and rapid ventricular pacing. 
Nonsustained ventricular tachycardia was not an end 
point for stopping the electrophysiologic study, and all 
patients underwent stimulation to refractoriness or in- 
duction of hemodynamically compromising sustained 
ventricular arrhythmia. Patients with bundle branch 
block (7 men and 4 women) were excluded from signal- 
averaged electrocardiography. Signal-averaged electro- 
cardiographic data were available for 42 men and 7 
women without bundle branch block; catheter mapping 
data were complete for all patients. Of the patients in- 
cluded for signal-averaged electrocardiography, 71% of 
the men and 43% of the women were inducible. 

Endocardial electrograms were classified as normal, 
abnormal or fractionated according to previously de- 
scribed criteria.* Total endocardial activation time was 
defined as time from activation of the earliest to activa- 
tion of the latest electrogram. Early and late sites were 
defined as sites exhibiting activity preceding or after the 
surface QRS, respectively. The signal-averaged electro- 
cardiograms were compared for filtered ORS duration 
and root-mean-square voltage of the terminal 40 ms. 
Duration >110 ms or voltage of the terminal 40 ms <25 
uV was considered abnormal. 

Sustained ventricular tachycardia was defined as 
uniform tachycardia lasting =30 seconds or requiring 
cardioversion. Nonsustained ventricular tachycardia 
was defined as uniform tachycardia lasting =3 beats and 
<30 seconds and not requiring cardioversion. Ventricu- 


538 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 


lar fibrillation was defined as polymorphic tachycardia 
with no discrete ORS. 

Statistical analysis first included univariate regres- 
sion analysis to identify those clinical and electrophysio- 
logic variables with at least a marginal (p <0.1) relation 
to inducibility. These variables were then entered in a 
multivariate regression analysis with inducibility as the 
dependent variable. Chi-square analysis and analysis of 
variance were used to examine differences between men 
and women as indicated. Statistical significance was de- 
fined as p <0.05 for all analyses. 

Table I presents the clinical characteristics and re- 
sults of endocardial mapping and signal-averaged elec- 
trocardiography of male and female patients. 

On multivariate analysis, male gender was the vari- 
able most strongly associated with inducibility (p 
<0.001). The percentage of fractionated sites (p <0.01) 
and ejection fraction (p <0.05) were also significantly 
related to inducibility. Men were approximately twice as 
likely to have sustained ventricular arrhythmias induced 
than women (73 vs 39%, p = 0.01). The men and women 
with inducible ventricular tachycardia required a similar 
number of extrastimuli to be induced (2.3 + 0.7 for men 
and 2.3 + 0.5 for women). In contrast, men induced to 
ventricular fibrillation required 2.8 + 0.6 extrastimuli 
(p <0.05 vs men with induced ventricular tachycardia). 

The men were more frequently inducible, the women 
were older, but otherwise the 2 groups did not differ with 
respect to any clinical, endocardial mapping, or signal- 
averaged electrocardiographic variable (Table 1). 

Our study corroborated the observations of previous 
investigators? that among patients with cardiac arrest, 
women are less likely to have inducible ventricular tachy- 
cardia or ventricular fibrillation. In contrast to the previ- 
ous studies that enrolled patients with a variety of cardiac 
diagnoses, we limited our study population to patients 
with coronary artery disease. The electrophysiologic sub- 
strate of cardiomyopathy is different and less well-de- 
fined than that of coronary artery disease and therefore it 
is important to define the population precisely at study. 
Part of the difference in inducibility in the earlier studies 
may be explained by differences in underlying cardiac 
diagnoses.” However, in our study limited to patients with 
coronary artery disease, this difference based on gender is 
still present. Furthermore, there was no difference be- 
tween men and women in ejection fraction, number of 
diseased coronary arteries, or history of myocardial in- 
farction to account for the difference in inducibility. 

We also could not demonstrate any significant differ- 
ence between men and women in the extent of electro- 
physiologic substrate. None of the catheter mapping or 
signal-averaged electrocardiographic indexes differed be- 
tween the 2 groups. Catheter mapping may be subject to 
a sampling error in that small areas of abnormalities may 
be missed, but previous reports from our laboratory have 
established that catheter mapping is reliable in identify- 
ing abnormal substrate in patients with inducible ar- 
rhythmias.* 

The reason for the difference in inducibility between 
men and women is therefore unknown. The poorer prog- 
nosis for women undergoing bypass surgery has been 


attributed to a referral bias, whereby women are referred 
for surgery later in the course of their illness when their 
functional class has deteriorated. This may be based on a 
fallacious perception that women are less likely to benefit 
from interventions in coronary artery disease. It would be 
difficult to conceive of a selection bias operating in the 
referral of cardiac arrest patients for electrophysiologic 
studies. Furthermore, if a referral bias similar to that for 
bypass surgery was in existence, one would expect women 
referred for electrophysiologic study to have more severe 
disease and perhaps have inducible ventricular tachycar- 
dia or ventricular fibrillation more frequently than men, 
the opposite of our current results. 

We examined differences in substrate between men 
and women, but other factors may be important in modu- 
lating the propensity to tachyarrhythmias that we did not 
address, such as the role of the autonomic nervous system, 
the presence or absence of ischemia, or transient electro- 
lyte imbalances. 

The finding of less frequent inducibility of ventricular 
tachycardia or ventricular fibrillation in female survivors 
of cardiac arrest is not explained by differences in electro- 
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physiologic substrate, emphasizing our imperfect under- 
standing of the pathophysiology of sudden death and 
calling into question the validity of applying a uniform 
strategy of management for both men and women with 
cardiac arrest. 
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n some patients with coronary artery disease, myocar- 

dial scar produces areas of delayed myocardial activa- 
tion. Low amplitude, high-frequency electrograms can be. 
recorded from such areas. It is likely that these areas of 
scar are the substrate for reentrant ventricular arrhyth- 
mias.! The signal-averaged electrocardiogram detects 
this low-amplitude, high-frequency electrical activity 
known as late potentials. We hypothesized that myocar- 
dial scarring in systemic sclerosis could produce areas of 
delayed myocardial activation detectable by the signal- 
averaged electrocardiogram. This study describes the fre- 
quency of late potentials in patients with systemic sclero- 
sis. 

After approval of the protocol by the appropriate 
Human Subject Protection Committee, 88 consecutive 
patients who satisfied American Rheumatism Associa- 
tion criteria for systemic sclerosis were recruited from 
scleroderma clinics at 2 metropolitan area hospitals. 
Patients were excluded if they had a history of athero- 
sclerotic coronary artery disease, angina pectoris, myo- 
cardial infarction, sustained ventricular tachycardia or 
cardiac arrest. Twelve patients were taking nifedipine for 
Raynaud's phenomenon and 4 patients were taking ena- 
lapril for hypertension. One patient was taking mexile- 
tine and 1 was taking quinidine for ventricular ectopic 
activity at the time of signal-averaged electrocardiogra- 
phy. 

Forty-six normal subjects who had no evidence of 
cardiac disease by history, physical examination and 12- 
lead electrocardiogram, and no history of diabetes, hy- 
pertension or family history of early cardiac death were 
studied as control subjects. No control subject was re- 
ceiving medication and all women were premenopausal. 

Signal-averaged electrocardiograms were obtained 
using bipolar orthogonal XYZ leads acquired at a 2,000- 
Hz sampling frequency with 12-bit resolution for ana- 
log-to-digital conversion (Corazonix Corporation, 
Oklahoma City, Oklahoma). Noisy or abnormal com- 
plexes were rejected by a template recognition algo- 
rithm. Complexes were collected until a noise level of 
0.30 uV was reached. The signal-averaged QRS vector 
magnitude was bidirectionally high-pass filtered at 25 
Hz. The end of the vector QRS complex was determined 
by computer algorithm as the point at which the mean 
voltage was 3 times the noise level. The following filtered 
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QRS vector complex indexes were measured by an auto- 
mated algorithm: (1) QRS duration, (2) root-mean- 
square voltage of the terminal 40 ms, and (3) duration of 
the low-amplitude (<40 uV) signals in the terminal 
QRS. Normal values were: (1) QRS duration <110 ms, 
(2) root-mean-square voltage >25 uV, and (3) low-am- 
plitude signal duration <38 ms. A late potential was 
defined as the presence of a prolonged QRS duration 
plus either a low root-mean-square voltage or a pro- 
longed low-amplitude signal duration. To determine re- 
producibility, the signal-averaged electrocardiogram 
was repeated after 5 + 2 months in 26 patients. 

Within 1 month of the signal-averaged electrocardio- 
gram, we prospectively obtained 24-hour ambulatory 
electrocardiograms in 46 patients and Doppler, M-mode 
and 2-dimensional echocardiograms in 47 patients. Lo- 
gistic considerations prevented obtaining these studies in 
the remaining patients within 1 month of the signal- 
averaged electrocardiogram. 

Categorical data were analyzed using Fisher's exact 
test. Student’s t tests were used for continuous data, 
presented as mean + standard deviation. Reproducibili- 
ty of signal-averaged electrocardiogram findings was 
assessed by linear regression. 

There were no differences between patients with sys- 
temic sclerosis and control subjects by gender, but pa- 
tients with systemic sclerosis were significantly older 
than control subjects (Table I). Mean duration of symp- 
toms of systemic sclerosis was 8 + 8 years (range 0.5 to 
34). 

Twenty-six percent of patients with systemic sclerosis 
had at least 1 abnormal signal-averaged electrocardio- 
gram parameter (Table I). However, 22% of the normal 
control subjects also had at least 1 such parameter (Ta- 
ble I). Patients and control subjects did not differ in the 
incidence of individual signal-averaged electrocardio- 


TABLE! Comparison of Patients with Sytemic Sclerosis and 
Control Subjects 


SS Patients Control Subjects p Value 


Number of patients 88 46 
Mean age (yr) o3%33 3347 
Women (%) 73 (83) 38 (83) 
SAE parameters 
Abnormal QRS + 
RMS or LAS (%) 
QRS 2110 ms (%) 
RMS <25 uV (%) 
LAS 238 ms (%) 
Any 1 abnormal 
parameter (%) 


8 (9) 0 (0) 
14(16) 
17 (19) 

9(10) 
23 (26) 


5 (11) 
5(11) 
3(7) 
10 (22) 


LAS = low-amplitude signal duration <40 nV; QRS = QRS duration of filtered QRS 
complex; RMS = root-mean-square voltage of the last 40 ms of filtered QRS; SAE = 
signal-averaged electrocardiogram; SS = systemic sclerosis. 
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graphic abnormalities, reflecting the relatively high 
number of false-positive results in the control subjects 
when only individual signal-averaged electrocardio- 
graphic parameters are considered (Table I). However, 
no control subject had an abnormal QRS duration plus 
an abnormal root-mean-square voltage or low-ampli- 
tude signal duration, whereas 9% of patients with sys- 
temic sclerosis had this combination (p = 0.03; Figure 
1). Both patients taking antiarrhythmic agents had nor- 
mal signal-averaged electrocardiograms. 
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A second signal-averaged electrocardiogram was ob- 
tained 5 + 2 months after the initial study in 26 patients 
with systemic sclerosis. The correlation coefficient was 
0.95 for QRS duration (Figure 2), 0.89 for root-mean- 
square voltage and 0.85 for low-amplitude signal dura- 
tion. Only 2 individual parameters in 2 separate subjects 
changed to a clinically relevant degree. In 1 subject, an 
abnormal root-mean-square voltage became normal 
and, in another subject, a normal low-amplitude signal 
duration became abnormal. No subject had a clinically 


FIGURE 1. Abnormal signal- 


onset and end of the QRS are 
marked with vertical lines. 
The QRS duration is pro- 
longed to 139 ms. A low-am- 
plitude component is visible 
in the terminal portion of the 
QRS complex (shaded area). 
The terminal QRS root- 
mean-square voltage was 
1.93 4V and the low-ampli- 
tude signal duration was 74 
ms. 


FIGURE 2. Scatterplot of initial versus 
subsequent QRS duration measurements. 
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important change in the QRS duration. When abnormal 
ORS duration plus root-mean-square voltage or low- 
amplitude signal duration was used to define late poten- 
tials, reproducibility was 100%. 

Complex or frequent ventricular ectopic activity oc- 
curred in 3 of 5 patients (60%) with an abnormal signal- 
averaged electrocardiogram versus 11 of 41 or 27% with 
a normal signal-averaged electrocardiogram (p = 0.16). 
Echocardiography detected an area of left ventricular 
hypokinesia or akinesia in 4 of 5 patients (80%) with an 
abnormal signal-averaged electrocardiogram versus 3 of 
42 patients (7%) with a normal signal-averaged electro- 
cardiogram (p <0.01). 

Cardiac involvement in systemic sclerosis is common 
and can exist without accompanying signs and symp- 
toms.?~> By the time it becomes clinically apparent, the 
prognosis is poor. Several methods for detecting early 
cardiac involvement in systemic sclerosis have been eval- 
uated. Isometric exercise during echocardiography,’ 12- 
lead electrocardiography and echocardiography during 
rest or exercise,*7-8 exercise myocardial thallium scan- 
ning, rest and exercise radionuclide ventriculography’ 
and 24-hour continuous electrocardiography’? may un- 
cover subclinical myocardial involvement in systemic 
sclerosis. Currently, only 12-lead electrocardiography, 
echocardiography and 24-hour ambulatory electrocardi- 
ography are used frequently and all have limitations. A 
simple, noninvasive technique for defining systemic scle- 
rosis cardiac disease would be of value. Our study demon- 
strates that systemic sclerosis can cause late potentials 
that are reproducibly detectable on the signal-averaged 
electrocardiogram. A possible cause of these late poten- 
tials may be myocardial fibrosis, which is thought to be 
produced by microvascular vasospasm.'? Myocardial fi- 
brosis has been associated with late potentials in patients 
with ventricular tachycardia even in the absence of myo- 
cardial infarction.!'! Although we do not have morpholog- 
ic confirmation of myocardial fibrosis in our patients, the 
association of late potentials with abnormal left ventricu- 
lar wall motion is consistent with this hypothesis. 

Criteria for defining late potentials vary. Some inves- 
tigators have required only 1 parameter among QRS 
duration, root-mean-square voltage and low-amplitude 
signal duration to be abnormal.'* Others have required 2 
or 3 parameters to be abnormal.!*:'4 Simson! reported 
that definitions of late potentials that included the QRS 
duration were more accurate than those that used only 
voltage measurements. Although the use of a single ab- 
normal parameter to define late potentials may be sensi- 
tive, specificity is low and the use of 22 abnormal param- 
eters improves specificity and the predictive value of the 
signal-averaged electrocardiogram.!? Our results are in 
agreement with these studies. Abnormal individual sig- 
nal-averaged electrocardiographic parameters were 
found in up to 26% of patients with systemic sclerosis and 
in up to 22% of control subjects. The combination of 
prolonged QRS duration plus either an abnormal low- 
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amplitude signal duration or root-mean-square voltage 
differentiated patients with systemic sclerosis from nor- 
mal control subjects. Furthermore, this combination was 
associated with abnormal left ventricular wall motion. 

Although 60% of patients with systemic sclerosis and 
late potentials had complex ventricular ectopic activity, 
78% of patients with complex or frequent ectopic activity 
had normal signal-averaged electrocardiograms. Com- 
plex or frequent ventricular ectopic activity can occur in 
normal subjects and it is possible that in some patients 
ectopic activity was unrelated to systemic sclerosis cardi- 
ac involvement. However, complex ventricular arrhyth- 
mias are associated with an increased risk of mortality in 
systemic sclerosis.° Thus, the signal-averaged electrocar- 
diogram is not an adequate screening tool for identifying 
patients with systemic sclerosis and complex ventricular 
arrhythmias. Whether late potentials identify patients 
who will have cardiac complications and mortality from 
systemic sclerosis is unknown. 
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Effect of Balloon Aortic Valvuloplasty on Doppler Indexes of Left 


Ventricular Diastolic Filling 


Warren J. Manning, MD, Marilyn F. Riley, BS, and Patricia C. Come, MD 


L“ ventricular (LV) hypertrophy, developing in re- 
sponse to chronic pressure overload, serves to normal- 
ize systolic wall stress and preserve systolic function. ! 
However, this occurs at the expense of an impairment of 
LY isovolumic relaxation and early diastolic filling.? In- 
creases in LV afterload have also been thought to cause 
acute impairment in ventricular relaxation. This study 
sought to determine whether percutaneous balloon aortic 
valvuloplasty, by reducing afterload in patients with LV 
hypertrophy due to aortic stenosis, would result in an 
early favorable effect on Doppler echocardiographic in- 
dexes of ventricular filling. 

The study population consisted of 190 consecutive 
patients undergoing balloon aortic valvuloplasty at the 
Beth Israel Hospital between December 28, 1985 and 
August 10, 1988. Of these, 163 patients were excluded 
from analysis owing to coexisting conditions associated 
with abnormal patterns of LV diastolic filling: prior 
myocardial infarction or significant coronary artery dis- 
ease, defined as >50% diameter narrowing of a major 
epicardial vessel; greater than trivial mitral or aortic 
regurgitation identified by Doppler echocardiographic 
examination; concurrent mitral stenosis; or non-sinus 
rhythm (atrial fibrillation/flutter, ventricular paced 
rhythm or frequent ventricular ectopic activity). Eight 
additional patients either did not undergo or had inade- 
quate transmitral Doppler studies before and after val- 
vuloplasty. The remaining 19 patients included 10 men 
and 9 women (mean age + standard deviation 75 + 14 
years). Echocardiographic and radionuclide scintigra- 
phy were performed in patients 24 to 72 hours before and 
48 to 72 hours after balloon aortic valvuloplasty. In- 
formed consent was obtained from all patients, and the 
study protocol was approved by the Investigational Re- 
view Board of the Beth Israel Hospital, Boston, Massa- 
chusetts. 

Two-dimensional, M-mode and pulsed Doppler 
echocardiograms were obtained with an Advanced Tech- 
nology Labs, Inc. model MK600 combined imaging, M- 
mode and Doppler echocardiograph equipped with a 
3.0-MHz mechanical transducer. M-mode data were re- 
corded of the LV septum and posterior wall immediately 
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below the mitral valve leaflets from a parasternal long- 
axis view. LV mass was calculated by the modified for- 
mula of Devereaux et al’ and normalized for body sur- 
face area (m°). Pulsed Doppler transmitral inflow veloc- 
ities were recorded from the apical 4-chamber view, with 
the sample volume positioned between the tips of the 
mitral leaflets. Hard copy recordings of the M-mode 
and Doppler spectra were recorded at a paper speed of 
100 mm/s. All recordings were obtained during quiet 
respiration in the left lateral position. Continuous-wave 
Doppler recordings of the aortic jet velocity were ob- 
tained using a Vingmed SD-100 Doppler unit with trans- 
ducer placement at the apical and right parasternal 
windows. 

Transmitral Doppler signals were digitized with 
the use of a graphics tablet (Summagraphics) and mi- 
crocomputer (IBM AT) with custom-written software 
(Datastat). Digitization consisted of manual tracing of 
the velocity curves. Peak velocities of the early filling (E) 
wave and atrial filling (A) wave were determined.4 The 
velocity-time integrals of the E and A waves were then 
obtained by integrating the flow velocity profiles at 4-ms 
intervals. Percent atrial systolic contribution (percent A 
wave) to total LV filling was assessed by dividing the 
area under the A wave by the total area under the dia- 
stolic velocity-time curve. Percent filling during the first 
one-third of diastole was calculated as percent of the 
diastolic time-velocity integral occurring during the first 
one-third of diastole. Time for 50% LV filling was calcu- 
lated as the time required to attain 50% of the total time- 
velocity integral. For all Doppler measurements, values 
reported represent the mean of measurements obtained 
from 3 to 5 cardiac cycles. 

Gated radionuclide angiograms were performed after 
injection of red blood cells labeled with 20 mCi of tech- 
netium-99m by the in vitro technique, as previously de- 
scribed.- 

Cardiac catheterization and valvuloplasty were per- 
formed using a retrograde femoral arterial approach 
and single balloon technique, as previously described. 

Pulsed Doppler echocardiograms were also recorded 
in 12 control subjects (9 men, 3 women; mean age 69 
years, range 62 to 76) without cardiac abnormalities 
as assessed by history, physical examination or echo- 
cardiography. Control subjects also underwent radionu- 
clide scintigraphy at rest for assessment of LV ejection 
fraction. 

All data are expressed as mean + standard deviation. 
Statistical significance of changes in Doppler parame- 
ters was assessed using Student’s paired t test. Data for 
patients and control subjects were compared with Stu- 
dent’s unpaired t test. 


TABLE I Group Mean (+ SD) Echocardiographic and Radionuclide Data 


Control AS (Before BAV) AS (After BAV) 
No. of patients 12 19 19 

Heart rate (beats /min) 567 66 + 8* 69 + 8* 
Peak A velocity (m/sec) 0.63+0.14 0.99 + 0.35* 1.00 + 0.33* 
Peak E velocity (m/sec) 0.52+0.17 0.68+0.18 0.68 + 0.22 


Peak E/A velocity 0.84 + 0.23 0.83 + 0.71 0.80 + 0.71 


Percent A-wave filling 3948 
Time for 50% LV filling (ms) 

Percent filling first one-third diastole 
LV wall thickness (mm) 
Radionuclide LVEF 


4548 
10+2 


* p <0.05 AS vs control;  p <0.001 AS vs control. 


263 + 81 


0.73 + 0.04 





40+10 
220 + 42 
3649 


39+8 
226+ 45 
37+11 
18+3' 


0.72+0.15 0.69 + 0.10 


A = atrial filling; AS = aortic stenosis; BAV = balloon aortic valvuloplasty; E = early filling; LV = left ventricular; LVEF = left ventricular ejection fraction; SD = standard deviation. 


Clinical and echocardiographic characteristics of the 
patients with aortic stenosis and of the controls are sum- 
marized in Table I. Initial echocardiograms revealed 
symmetric LV hypertrophy in all patients with aortic 
stenosis, with a calculated LV mass index of 179 + 45 g/ 
m? (p <0.001 vs control group). Radionuclide LV ejec- 
tion fraction was similar in patients and controls. Com- 
pared with the control group, transmitral Doppler in- 
dexes before valvuloplasty in patients with aortic steno- 
sis differed only in peak A-wave velocity. There were no 
significant differences in any of the other Doppler index- 
es studied. Furthermore, there were no significant corre- 
lations between any of the Doppler parameters and LV 
systolic pressure in the patients with aortic stenosis. 
Heart rate at rest was slightly higher in the group with 
aortic stenosis compared with the control subjects. 

After balloon dilation, there were significant de- 
creases in LV systolic pressure and mean transaortic 
pressure gradient measured by both catheterization and 
continuous-wave Doppler. There were no significant 
changes in either LV end-diastolic pressure, heart rate or 
resting radionuclide LV ejection fraction. There were 
also no significant changes in any of the Doppler param- 
eters examined (Table I). Analysis of the subgroup of 12 
patients in whom heart rate at both echocardiographic 
studies varied by <10% was similar. Furthermore, there 
was no association between changes in the Doppler in- 
dexes examined and changes in LV systolic pressure or 
transaortic pressure gradients. 

The purpose of this study was to examine the early 
effects of balloon aortic valvuloplasty on Doppler indexes 
of LV filling. Doppler techniques were chosen for analy- 
sis, because transmitral Doppler velocity profiles have 
been shown to reliably characterize patterns of LV fill- 
ing.4 To minimize potential confounding effects of after- 
load-induced changes in myocardial ischemia or regurgi- 
tation on Doppler parameters of LV filling,®’ patients 
with more than trivial mitral or aortic regurgitation, or 
with significant epicardial coronary stenoses were exclud- 
ed. A large percentage (86% in this study) of adult pa- 
tients undergoing balloon aortic valvuloplasty have these 
coexisting conditions.* 

At baseline, the patients with aortic stenosis had an 
increase in peak A-wave velocity compared with that in 
controls. These findings are similar to those of Otto et al? 
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in patients with aortic stenosis and concomitant LV hy- 
pertrophy. After aortic valvuloplasty, and despite signifi- 
cant declines in both LV systolic pressure and transaortic 
pressure gradient, there were no significant changes in 
any of the transmitral Doppler indexes examined. This 
observation is consistent with previous invasive hemody- 
namic findings. Paulus et al!° found no change in the time 
constant of LV pressure decay after either balloon aortic 
valvuloplasty or intravenous nitroprusside in patients 
with aortic stenosis. Their study population was similar to 
ours in that no patient had significant mitral regurgita- 
tion, coronary artery disease, or more than trivial aortic 
insufficiency. Takenaka et al'! examined transmitral 
Doppler indexes of LV filling after an acute increase in 
systolic aortic blood pressure induced by intravenous in- 
fusion of phenylephrine. Despite a 30% increase in systol- 
ic arterial pressure, there were no changes in peak E-wave 
or peak A-wave velocities, or isovolumic relaxation time. 
Although their patients did not have LV hypertrophy, the 
available invasive and noninvasive hemodynamic data 
cited are consistent with the findings in this study, that 
early LV diastolic filling is not altered acutely by a signif- 
icant reduction in LV systolic pressure. Our findings are 
in contrast to those published by Stoddard et al,* in which 
increases were noted in peak E velocity and peak E/A 
ratios after successful balloon aortic valvuloplasty in the 
subgroup of patients without mitral regurgitation, despite 
a similar change in mean gradient to that noted in our 
patient population. These differences could be explained 
by the different patient populations studied. In Stod- 
dard’s study, almost 40% of the valvuloplasty group had 
significant coronary artery disease, and 64% had signifi- 
cant mitral regurgitation. Controlling for mitral regurgi- 
tation and ischemia is important because the severity of 
mitral regurgitation has been shown to decrease signifi- 
cantly after percutaneous balloon aortic valvuloplasty. !? 

There are several limitations to this study. By exclud- 
ing those with coexisting mitral or aortic regurgitation, 
coronary disease and abnormal LV systolic function, a 
relatively small number of patients were available for 
study. Our population, however, represents the largest 
homogeneous group examined in this manner. Hemody- 
namic and echocardiographic data were not obtained si- 
multaneously, and preload was not assessed at the time of 
the echocardiographic studies. The lack of a change in 
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filling indexes may also be related to significant residual 
aortic stenosis. Our data do not preclude the possibility 
that changes in Doppler indexes of LV filling might be 
observed later, particularly if there was regression of LV 
hypertrophy. Finally, although the patients studied did 
not have significant epicardial coronary artery disease, 
myocardial ischemia may have been present, caused by a 
relative decrease in coronary blood flow, or to hypoten- 
sion induced by balloon inflation. None of the patients, 
however, had electrocardiographic or serum creatine 
phosphokinase evidence of myocardial injury. 

Thus, percutaneous balloon aortic valvuloplasty in pa- 
tients with aortic stenosis, concentric LV hypertrophy 
and preserved systolic function is not associated with 
early changes in transmitral Doppler inflow indexes of 
LV filling. 
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A Doppler Echocardiographic Examination of the Normal Aortic Valve 


and Left Ventricular Outflow Tract 


Wiliam R. Davidson, Jr., MD, Michael J. Pasquale, MD, and Claude Fanelli, MD 


ince first reported,! the continuity equation has be- 

come an accepted clinical tool for the calculation of 
mean aortic valve area.!-? In subjects without aortic dis- 
ease, 2-dimensional echocardiography has been used to 
measure the midsystolic or maximal aortic valve area.* 
No studies have calculated the mean area of normal 
aortic valves using the continuity equation. We studied 
the left ventricular (LV) outflow tract and aortic valve to 
establish normal values for the measurements employed 
in the continuity equation and to relate aortic valve area 
to LV outflow tract dimensions, body surface area and 
stroke volume. 

Subjects were recruited from clinical patients seen in 
the echocardiographic laboratory and had no cardiac 
disease by history or physical examination. All subjects 
had a normal echocardiogram, a structurally normal- 
appearing aortic valve and no aortic insufficiency by 
Doppler interrogation. 

The LV outflow tract diameter was measured from a 
parasternal long-axis view. The transducer was swept 
across the outflow tract to find the widest diameter, 
where the outflow tract endocardium was most sharp 
and distinct. To measure the diameter, cursors were 
placed on the endocardial line of the anterior and poste- 
rior outflow tract at the base of the anterior mitral valve 
leaflet, parallel to the plane of the aortic anulus, perpen- 
dicular to the outflow tract and 1 to 2 mm proximal to 
the aortic anulus (the site of aortic leaflet insertion). The 
walls of the outflow tract are usually parallel at this site. 

Aortic velocities were recorded with a 2,0-M Hz, con- 
tinuous-wave Doppler transducer in an attempt to obtain 
the fastest spectral envelopes possible. Usually, an apical 
view provided the best wave forms, although the supra- 
sternal or other views were sometimes superior. From an 
apical long-axis or 4-chamber view, the pulsed Doppler 
sample volume was placed at the level of the measured 
diameter of the outflow tract. Wave forms typically ap- 
pear parabolic here, with little variance around the 
mean. Spectral broadening was seen if the sample vol- 
ume entered the aortic anulus, at which time the sample 
volume was repositioned to a slightly more proximal 
site. All measurements were made in triplicate. A Hew- 
lett-Packard AC77020 or an Interspec XL-3 was used, 
with imaging and pulsed Doppler frequencies of 2.5 to 
3.5 MHz. 

Outflow tract area was calculated from the diameter 
as 1(D/2)’. Doppler wave forms were measured with the 
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internal analytic capabilities of the imaging systems for 
peak velocity, systolic ejection period and the time-ve- 
locity integral. Stroke volume was calculated as outflow 
tract area X outflow tract time-velocity integral and 
multiplied by heart rate to obtain cardiac output. Aortic 
valve area was calculated as stroke volume divided by 
aortic valve time-velocity integral. 

To determine the influence of changing stroke vol- 
ume on aortic valve area, 10 subjects with Swan-Ganz 
catheters placed for clinical indications underwent re- 
peat examinations on 2 separate days (n = 6) or before 
and after sublingual administration of 0.4 mg of nitro- 
glycerin on the same day (n = 4). Thermodilution cardi- 
ac outputs were obtained simultaneously with Doppler 
examinations. Subjects gave informed consent for non- 
clinical studies and the administration of nitroglycerin. 
Thermodilution cardiac outputs were calculated from 
the mean of 3 measurements varying by <10%. Echocar- 
diographic and Doppler measurements were obtained by 
investigators blinded to thermodilution data. Linear re- 
gression was used to compare echocardiographic and 
Doppler measurements with body surface area and 
Doppler stroke volume and to compare the change in 
valve area and other echocardiographic variables with 
the change in thermodilution stroke volume. 

Forty-one subjects with no cardiac disease were stud- 
ied (30 men, 11 women). Results, given as mean + stan- 
dard deviation, are listed in Table I. Aortic valve area 
ranged from 1.9 to 4.1 cm? and outflow tract area from 
2.4 to 5.3 cm?. Intraobserver outflow tract diameters 


TABLE I Doppler and Echocardiographic Measurements of 
the Aortic Valve and Outflow Tract in Normal Subjects 


33412 

30/11 
1.86+0.21 

63411 


Age (yr) 

Male /female 

BSA (m2) 

Heart rate (beats /min) 


Left ventricular outflow tract 
Peak velocity (m/s) 
TVI (cm) 
Diameter (cm) 
Diameter index (cm / m°) 
Area (cm?) 
Area index (cm?/m?) 
Stroke volume (ml) 
Cardiac output (liters /min) 


0.98+ 0.18 

20.6 + 3.3 
2.2+0.2 
1.2+0.1 
3.8+0.6 
2.1+0.3 
78417 
4.8+0.9 


Aortic valve 
Peak velocity (m/s) 
Peak velocity /LVOT peak velocity 
TVI (cm) 
Area (cm?) 
Area index (cm?/m?) 


1.28 +0.19 
1.28 +0.15 
25.9 + 4.6 
3.0 + 0.6 
1.62+0.2 


BSA = body surface area; LVOT = left ventricular outflow tract; TVI = time velocity 
integral. 
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FIGURE 1. A, relation of left ventricular outflow tract diameter to body surface area in 41 normal subjects, where y = 0.99 + 
0.65x, r = 0.65 and p <0.001. B, relation of mean aortic valve area to body surface area by continuity equation in 41 normal 


subjects, where y = —0.56 + 1.93x, r = 0.68 and p <0.001. 


were highly reproducible, varying by no more than 0.1 
cm among 3 measurements. The ratio of aortic valve 
area to outflow tract area was 0.80 + 0.11. Figure 1, A 
and B, shows the relation of outflow tract diameter and 
aortic valve area to body surface area. No difference in 
either was seen between men and women after controlling 
for body surface area. Aortic valve area also increased 
with stroke volume (r = 0.60, p <0.01). However, stroke 
volume did not improve the fit between aortic valve area 
and body surface area, using multiple regression anal- 
ysis. 

In the 10 subjects studied twice, Doppler and thermo- 
dilution stroke volumes were highly concordant (r = 
0.99, p <0.001) and ranged from 29 to 101 ml/beat. 
Aortic valve areas ranged from 1.8 to 4.3 cm’. LV out- 
flow tract diameter did not change between examina- 
tions. In Figure 2, the change in Doppler aortic valve area 
can be seen to be closely related to the change in thermo- 
dilution stroke volume. The aortic valve area changed by 
—12to 11%, and stroke volume changed by —15 to 19%. 
Similar results were obtained when the change in LV 
outflow tract time-velocity integral was compared with 
the change in thermodilution stroke volume (r = 0.90, p 
<0.001). The change in aortic time velocity integral was 


r=0.82, p<0 005 
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FIGURE 2. Relation of change (A) in mean aortic valve area to 
change in simultaneous thermodilution stroke volume by conti- 
nuity equation in 10 subjects studied twice, where y = 0.037 
+ 0.035x, r = 0.82 and p <0.001. 
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very small and was unrelated to changing thermodilu- 
tion stroke volume (r = 0.40, difference not significant). 

This study establishes normal values for Doppler 
echocardiographic calculation of aortic valve area. The 
calculated aortic valve areas compare well with areas 
from anatomic and 2-dimensional echocardiographic 
studies.” LV outflow tract and aortic valve dimensions 
bear a close relation to body surface area. No other nor- 
mal values have been reported for outflow tract dimen- 
sions, although similar data have been presented for the 
aortic anulus.6” These values should provide a useful 
reference guide for learning the continuity equation 
method for aortic valve measurement. In hypertrophied 
ventricles, outflow tract dimensions are frequently small- 
er for any given body surface area’; thus, these values can 
be used as a guide for measurement reliability, but cannot 
replace direct measurement of the outflow tract. Values 
for outflow tract and aortic velocities are similar to those 
of Hatle and Angelsen.’ 

Some debate exists over whether aortic valve area 
varies with stroke volume in humans. Despite a small 
number of subjects, our findings indicate that small 
changes in stroke volume result in a change in mean 
aortic valve area, to the extent that the changes in aortic 
velocity are small. Differences in aortic valve area can be 
seen between patients with dilated cardiomyopathy and 
normal subjects by 2-dimensional echocardiography.’ In 
dogs, opening and closing of the aortic valve requires 
measurable periods of time separated by a plateau of full 
valve opening.”:'° Thus, maximal valve area should ap- 
proximate mean aortic area in high-flow states, but may 
overestimate mean valve area in normal or low-flow 
states. M-mode studies of the aortic valve indicate that, 
while maximal opening is relatively insensitive to stroke 
volume, mean opening varies with stroke volume.!°-!2 A 
2-dimensional technique measuring maximal, not mean, 
valve area could be insensitive to smaller changes in area, 
such as those seen in the current study. 

In subjects with small mean aortic valve areas and LV 
dysfunction, the question of valvar stenosis versus low 
flow is often raised. The continuity equation lends itself to 
repeated examinations of the aortic valve under varying 
loading conditions, which could be useful in these cases. 
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Even our subjects with low stroke volumes had mean 
aortic valve areas 21.8 cm? (1.1 cm?/m?), with an aortic 
valve to LV outflow tract ratio 20.57. Severe aortic ste- 
nosis usually results in mean aortic valve areas <25% of 
the outflow tract area. Thus, clinical confusion is less 
likely to arise when the continuity equation technique is 
used to evaluate aortic stenosis in the setting of low flow. 

Doppler measurement of cardiac output is often 
viewed as tedious and limited, because multiple measure- 
ments must be made of both flow velocity and the dimen- 
sions at the site of flow interrogation. LV outflow tract 
dimensions are readily and reproducibly measured be- 
cause of its relative nearness and perpendicular orienta- 
tion to the transducer. If its dimensions remained con- 
stant during more widely varying hemodynamic condi- 
tions, the LV outflow tract would offer an ideal spot for 
serial evaluation of beat-to-beat changes in stroke vol- 
ume, without the need to measure outflow tract dimen- 
sions as well as flow velocity repeatedly. This hypothesis 
warrants further study. 


1. Kosturakis D, Allen HD, Goldberg SJ, Sahn DJ, Valdes-Cruz LM. Noninva- 
sive quantification of stenotic semilunar valve area by Doppler echocardiography. 
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Preoperative Angiography of the 
Internal Mammary Artery 


We read with interest the Brief Report, 
“Semiselective Angiography of the Inter- 
nal Mammary Arteries as a Preparation 
for Coronary Bypass Surgery.”! The au- 
thors state that the paper by Singh? was 
the only reported study that showed a low 
incidence of atherosclerosis in the internal 
mammary and subclavian arteries of pa- 
tients with coronary artery disease. In 
fact, there exists a recent study? that also 
revealed a low incidence of atherosclerosis 
in the internal mammary arteries. As for 
the necessity of routine preoperative angi- 
ography of the internal mammary artery, 
contrary to what the authors believe, 
there has been no uniform sanction. To 
know the caliber of an internal mammary 
artery before operation by angiography is 
of theoretical value to the surgeon, be- 
cause too small an artery may be unsuit- 
able for myocardial revascularization of a 
large territory.* Additionally, in occasion- 
al patients, it would be crucial to exclude 
aortic or subclavian lesions proximal to 
the internal mammary artery, because 
they might significantly reduce perfusion 
pressure. 

Wing-Hing Chow, ms, MRCP 
Tsun-Cheng Chow, MB, MRCPath 
Aberdeen, Hong Kong 

12 October 1990 


1. Krijne R, Deng MC-HK, Heinrich K-W, 
Sons H, Krian A. Semiselective angiography of 
the internal mammary arteries as a preparation 
for coronary bypass surgery. Am J Cardiol 
1990;66:377-378. 

2. Singh RN. Atherosclerosis and the internal 
mammary arteries. Cardiovasc Intervent Ra- 
diol 1983;6:72-77. 

3. Finci L, Meier B, Steffenino G, Doriot PA, 
Rutishauser W. Nonselective preoperative digi- 
tal subtraction of internal mammary arteries. 
Cathet Cardiovasc Diagn 1990;19:13-16. 

4. Bashour TT, Hanna ES, Mason DT. Myo- 
cardial revascularization with internal mam- 
mary artery bypass: an emerging treatment of 
choice. Am Heart J 1986:111:143-151. 

5. Rainer WG, Sadler TR, Liggett MS. Inter- 
nal mammary arteriography prior to coronary 
artery bypass surgery. Chest 1973;64:523-524. 
6. Hanet C, Marchand E, Keyeux A. Left in- 
ternal mammary artery occlusion after mastec- 
tomy and radiotherapy. Am J Cardiol 1990;65: 
1044-1045. 


A Grizzly Paradox 


Your editorial, “We Think We Are 
One...,” in the October 1, 1990 issue of 
The American Journal of Cardiology 


Letters (from the United States) concerning a 
particular article in the Journal must be re- 
ceived within 2 months of the article’s publica- 
tion, and should be limited (with rare excep- 
tions) to 2 double-spaced typewritten pages. 
Two copies must be submitted. 


brought to mind a treatise I recently read 
on the biology of the grizzly bear,! a 
matter of more-than-passing interest to 
those of us who frequently travel on foot 
through the Canadian Rockies. 

The grizzly bear and Homo sapiens 
have a lot in common: They are both 
large, intelligent, aggressive animals that 
are at the top of their food chain and have 
no natural enemies except each other. 
Your editorial pointed out a way in which 
they are evolutionarily mirror images of 
one another. 

The grizzly bear’s diet is primarily her- 
bivorous, and it is usually only an opportu- 
nistic carnivore. (The polar bear is, I un- 
derstand, alone among the bears as a pure 
carnivore.) The grizzly’s great strength 
and fearsome claws evolved primarily to 
facilitate digging for the roots that are a 
major portion of its diet. The grizzly is 
actually a rather inefficient predator. In 
addition, the grizzly’s gut is much more 
that of a carnivore than a herbivore, so 
that, somewhat like us, it thinks it’s one 
thing, eats like it (more or less), but is 
actually the other thing. (I have no knowl- 
edge about the prevalence of ursine ath- 
erosclerosis!) 

I was rather struck by the similarities 
between this treatise and the observations 
you made in your recent editorial. I great- 
ly look forward to future thought-provok- 
ing editorials from your pen. 

W.B. Firor, mp 
Saskatoon, Canada 
22 October 1990 


1. Herrero S. Bear Attacks: Their Causes and 
Avoidance. New York: Nick Lyons Books, 
1985. 


Trifluoperazine and 
Spontaneous Contrast 


The recent failure of trifluoperazine to 
resolve spontaneous contrast! as we re- 
ported? was attributed to possible changes 
in the gain settings of our echograph be- 
tween studies or to possible changes in the 
apical flow patterns in the postinfarction 
period that may have made the detection 
of contrast more difficult. However, as 
stated in the article, repeat ultrasonic ex- 
ams were performed with the same instru- 
ment settings. Furthermore, patients with 
left ventricular thrombus, such as our pa- 
tient, are the most likely to retain the ab- 
normal flow patterns described by Dele- 
marre et al. 

Perhaps the inability to replicate our 
results was due to differences in method- 
ology between their study and ours. First, 
only 2 mg of trifluoperazine once a day 
was administered by Hoffmann et al,! 
whereas our patient was receiving 2 mg 
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twice a day when the echo contrast re- 
solved. Second, our patient was rescanned 
while receiving therapy (approximately 2 
to 3 hours after dosing), but those of Hoff- 
mann et al were scanned | day after the 
last dose of trifluoperazine. The pharma- 
cokinetic data on trifluoperazine in hu- 
mans are sparse. One study reported that 
the half-life of trifluoperazine ranged 
from 7 to 18 hours with a mean of 11 
hours.’ These data are consistent with the 
manufacturer’s recommendation that the 
drug be given on a b.i.d. dosing schedule.5 
The effect of trifluoperazine on platelets 
is dose-dependent.® The resolution of con- 
trast in our patient may have been due to 
the higher steady-state drug concentra- 
tions, with reduced fluctuations between 
the minimal and maximal blood levels 
that would be the expected pharmacoki- 
netic consequence of a b.i.d. dosing sched- 
ule of 2 mg, compared to a q.d. dosing of 2 
mg of trifluoperazine. Another reason our 
patient had higher blood levels of trifluo-. 
perazine at the time of rescanning was the 
proximity of the repeat scan to the previ- 
ous dose of trifluoperazine. 

The etiology of spontaneous contrast 
may depend on the underlying disease 
process and may vary from disease to dis- 
ease. Spontaneous contrast in patients 
with heart failure, prosthetic mitral 
valves, coronary artery disease in the 
absence of acute myocardial infarction 
and dilated or hypertrophic cardiomyopa- 
thies' may not be comparable to that in 
a patient with an acute infarction and a 
superimposed thrombus.? However, we 
would be most interested in the results of a 
trial of trifluoperazine using shorter dos- 
ing intervals in this patient population. 


Cheryl Mahony, mp 
Kevin L. Sublett, mp 
Michael R. Harrison, mp 
Lexington, Kentucky 

31 October 1990 
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FROM THE EDITOR 


omparison of the Four Major USA Cardiology 
Journals in 1990: A Look at 51 Kilograms 


(112 Pounds) of Journals and Over 
15,000 Editorial Pages 


guage cardiology journals for the year 1983 in terms 

of numbers of editorial (non-advertising) pages, arti- 
cles, types of articles, figures and tables.! An article com- 
paring the 4 major USA cardiology journals also ap- 
peared in 1985.? A single table comparing the numbers of 
pages and articles and types of articles in 3 of the 4 major 
USA cardiology journals the previous year was published 
in 1988, 1989, and 1990.3-° This piece summarizes the 
results of counting the numbers of editorial pages pub- 
lished and the types of articles published in 1990 in the 
American Heart Journal (AHJ), The American Journal 
of Cardiology (AJC), Circulation, and the Journal of the 
American College of Cardiology (JACC). 

Table I summarizes the numbers of pages and num- 
bers of articles published in both the regular issues and in 
the symposia (or supplements) in each of the 4 journals. 
In the regular issues, 13,488 editorial pages for articles 
were published and in the symposia issues, 2,483 pages; 
2,219 articles appeared in the regular issues and 417 
articles in the symposia issues. 

Table II provides data on utilization of all editorial 
pages—not just those for articles—in each of the 4 jour- 
nals and also the types of articles published. Each journal 
has distinctive features. The AHJ published the most 
case reports (actual case descriptions), 168 or 34% of the 
articles published in it, whereas Circulation published 
none, JACC published only 6 and the AJC published only 
23. The unique feature of the AJC is the brief reports, 
which are short articles with only 1 or 2 major points. 
They numbered 158 or 24% of the articles in the AJC, 
whereas only 12 were published in the AHJ and none in 
either Circulation or JACC. A major feature of Circula- 
tion is the large number of studies involving non-human 
animals (Experimental Studies). They numbered 132 or 
25% of its articles, whereas 50 (9%) appeared in JACC, 
29 (6%) in the AHJ and none in the AJC. The numbers of 
editorials were large in JACC (141 [26%]) and in Circu- 
lation (109 [21%]) and few in the AHJ (9 [2%]) and the 
AJC (33 [5%]). Reviews made up about 4% of the arti- 
cles in the AHJ, Circulation and JACC and none ap- 
peared in the AJC. The AJC published almost as many 


I: 1984, an article appeared comparing 7 English lan- 
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“letters” (called Readers’ Com- 
ments) as the other 3 journals 
combined (40 vs 46). 

The symposia published in the 
AHJ in 1990 are listed in Table III 
(n = 4), those in the AJC in Table 
IV (n = 20), and those in Circula- 
tionin Table V (n = 7). None were 
published in JACC. 

The numbers of words per page 
in the 4 journals are presented in 
Table VI. The AJC published ap- 
proximately 34% more words per page than did the AHJ, 
19% more than JACC, and 12% more than Circulation. 

The numbers of subscribers of each of the 4 journals 
are shown in Table VII. 

The regular issues of the 4 journals in 1990, including 
all ads and covers, weighed 43.25 kg, the symposia issues 
for these 4 journals weighed 5.25 kg, and the 2 abstract 
issues (JACC in February and Circulation in October) 
weighed 2.17 kg. The total for the regular issues, sympo- 
sia issues and abstracts for 1990 was 50.67 kg (112 
pounds). The 15,971 pages of articles in the regular and 
symposia issues averaged 1,331 pages a month, and the 
2,636 articles averaged 220 a month. Happy reading. 


[Wh C Kets 


William Clifford Roberts, MD 
Editor in Chief 





1. Roberts WC. Comparison of 7 English-language cardiology journals for 1983. 
Am J Cardiol 1983;53:862-869. 

2. Roberts WC. Analysis of page utilization and types of articles published in four 
major American cardiology journals in 1984. Int J Cardiol 1985;8:353-360, 
3. Roberts WC. AJC Editorial Board Meeting — March 1988. Am J Cardiol 
1988;61:1161-1164. 

4. Roberts WC. Editorial board meeting of The American Journal of Cardiolo- 
gy — March 1989. Am J Cardiol 1989;63:1159-1165. 

5. Roberts WC. Editorial board meeting of The American Journal of Cardiolo- 
gy — March 1990. Am J Cardiol 1990;65:1 162-1168. 
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15,971 


Regular 
Issues 


Numbers of Articles 











es TABLE Il Numbers of Editorial (non-advertising) Pages and Articles Published in the Regular Issues (excludes symposia issues) of 
the Four Major USA Cardiology Journals in 1990 
E American American Journal of the 
3 Heart Journal American College 
ia Journal of Cardiology Circulation of Cardiology Totals 
4 
a Numbers of pages 2,911 3,498 4,967 3,753 15,129 
g z For articles 2,715 (93.27%) 3,001 (85.79%) 4,346 (87.50%) 3,426 (91.21%) 13, 488 (89.15%) 
3 For “letters” 17 20 33 12 82 
E For staff, editorial board 12 24 24 42 102 
d ’ For contents in brief 59 (2.03%) 83 (2.37%) 46 (0.93%) 28 (0.75%) 216 (1.43%) 
f. } For contents with abstracts 233 (6.66%) 120 (2.42%) 121 (3.22%) 474 (3.13%) 
Ss For boxed abstracts 0 137 (2.76%) 0 137 (0.91%) 
AR For information for authors 24 24 428 114 (0.75%) 
M For meeting abstracts 10° 199 0 29 (0.19%) 
eo For erratum 0 4 0 4 
a For miscellaneous 10? (0.34%) 0 150° (3.02%) 18" (0.48%) 178 (1.18%) 
ee For volume indexes 74 (2.54%) 103 (2.94%) 64 (1.29%) 64 (1.70%) 305 (2.02%) 


Numbers of articles 
Long reports 
Concerning humans 
Concerning non-humans 
Brief reports 
Case reports 
Reviews 
Editorials 
From the editor 
Numbers of “letters” (replies) 
Annual subscription cost in USA 
Individual journals / year 
Weight of journals /year in kg (Ibs)! 


Bethesda Conference. 


1990 Date of 
Publication. Subject of Symposium 


February Nicardipine 


March Costs and benefits 
of coronary risk 
factor reduction 

August* Metoprolol OROS 


ischemia 


Totals 





September* Nitrates for myocardial 


489 (41 /month) 
277 
248 (50.72%) 
29 (5.93%) 
12 (2.45%) 
168 (34.36%) 
23 (4.70%) 
9 (1.84%) 


7.65 (16.86) 


a Includes "Bookshelf" and ““Acknewledgment to Reviewers.” 

t Includes 38 abstracts of the annual meeting of the Section on Cardiology of the American Academy of Pediatrics. 

€ Letters to the Editor are called Readers’ Comments’ in this journal. 

d Includes abstracts of the 30th Annual Conference on Cardiovascular Disease Epidemiology. 

€ Includes “News from the American Heart Association,” 
(Arteriosclerosis, Circulation Researeh, Hypertension and Stroke), and “In Appreciation” to non-board reviewers. 

‘Includes American Heart Association Medical / Scientific Statements. 

£ Fourteen of the pages (The reference format one. . .) is included among the numbered editorial pages; the other 28, among the “A” (advertising) pages 

"Includes “newly elected members of the College, Board of Governors, Books Received, American College of Cardiology News, Committee phe ache and Participants in 


Guest Editor(s) 


Joel A. Kaplan 


Michael A. Weber 


C. Mancia 


* Included within the regular issues of these months 
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Jonathan Abrams 


662 (55/month) 
448 
448 (67.67%) 
0 
158 (23.87%) 
23 (3.47%) 
0 
25 (3.78%) 


10.20 (22.49) 


TABLE Ill Symposia Published in the American Heart Journal in 1990 


Sponsor 


528 (44/month) 
388 
256 (48.48%) 
132 (25.00%) 
O 
0 
31' (5.87%) 
109 (20.64%) 
0 
17 (12) 
$84.00 
12 
12.26 (27.03) 


i Includes journal as received from the printer. Therefore, it includes the advertisements, covers, etc. 


Number of 
Articles 


DuPont Pharmaceuticals 10 


Syntex Laboratories 
Pfizer International 


CIBA-GEIGY 
CIBA-GEIGY 


Number of 
Discussions Pages 


540 (45 /month) 
373 
323 (59.81%) 
50 (9.26%) 
0 


6(1.11%) 


20 (3.70%) 
141 (26.11%) 


13.14 (28.97) 


Number of 


2,219 
1,486 
1,275 (57.46%) 
211 (9.51%) 
170 (7.66%) 
197 (8.88%) 
74 (3.33%) 
284 (12.80%) 


43.25 (95.35) 
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TABLE V Supplements* to Circulation Published in 1990 


1990 Date of 
Publication 


Subject of 
Symposium 


January Thromboxane Az — 


Measuring functional 
capacity in heart 
failure 

Diastolic function in — 
heart failure 


January 
February 


Interventional 
cardiology 
Sympathetic nervous 
system in heart failure 
New concepts in heart 
failure f 
Cardiovascular surgery 


March 
August 
September 
November 


Totals 


Guest Editor(s) 


-Attilio Maseri ike 
antagonisminacute = , 
coronary syndromes — Nya 

Karlman Wasserma 


CE 2. ahd 
ee. ee | ý 
4 4 


‘a! 


' | Ae 


Hubert Pouleur 


Kenneth M. Kent 


Milton Packer 


Richard Gorlin 


D. Craig Miller 


n 


No. of 
Discussions 


No. of 
Pages 


Industry 
Sponsor 


$ 4 Glaxo Pharmaceuticals 


‘ a 


‘ 
nc We) hk 
è 


En 


es PeT 
x Merck & Co. 


ICI Pharmaceuticals 
Merck Sharp & Dohme 
Syntex Research 

Alpha Therapeutic Corp. 


IC] Pharmaceuticals 
IC] Pharmaceuticals 


Stuart Pharmaceuticals 
0 


* Excludes the abstracts from the 63rd Scientific Sessions of the American Heart Association. 


TABLE VI Number of Lines /Column and Words /Page in the 


Four Major Cardiology Journals in 1990 | 


Average 


No. of 
Columns per 
Page 


Lines per 


Journal Column 


Circulation 
JACC 


Words 
per Column 


Interval (mo) 
Symposium to 
Publication 


18 (mean) 


| TABLE VII Statement of Ownership, Management and 


Circulation of the Four Major USA Cardiology Journals in 1990 


Mean No. 
of Copies 


Mean No. 
of Copies 
Printed 
Each Month 


10/1/90 13,200 
9/20/90 32,000 
10/1/90 27,200 
10/1/90 29,800 


Journal 


Circulation 
JACC 
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Distributed 
Each Month 


Mean Paid 
Circulation 
Each Month 





C 
Améêrican. 
Journal 


O 
Cardiology 


| a M 
MARCH 15, 1991 J ani 


555 Coronary Artery Disease =- 611 Valvular Heart Disease 
578 Arrhythmias and 622 Miscellaneous 
Conduction Disturbances 641 Editorial 
585 Systemic Hypertension 643 Brief Reports 
604 Congestive Heart Failure 658 Case Reports `- 


Lat 
L. 


2a wh 


A YORKE MEDICAL JOURNAL/CAHNERS PUBLISHING COMPANY 





TOTAL 


<35. 


Low HDL with elevated 
LDL and triglycerides: 


A common denominator of 


many heart attack victims 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are common 
among heart attack victims,’ and nearly two thirds of people who developed 
myocardial infarction in the PROCAM Trial had a low (< 35 mg/dL) baseline 
level of HDL cholesterol? LOPID” (gemfibrozil) is not imdicated for the treatment 
of patients with low HDL cholesterol as their only lipid abnormality. 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 


HDL 
under 
35 mg/dL 


64% 
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CORONARY ARTERY DISEASE 


555 

Early Beneficial Effect of Streptokinase on Left 
Ventricular Function in Acute Myocardial Infarction 
Florence H. Sheehan, Claude Thery, Philippe Durand, Michel 
E. Bertrand, and Edward L. Bolson 


To determine the time course of left ventricular functional re- 
covery after streptokinase therapy, 64 patients were random- 
ized in this controlled study within 3 hours after the onset of 
acute myocardial infarction. Streptokinase patients had less 
severe hypokinesia than control patients in the central and pe- 
ripheral infarct regions at cardiac catheterization performed a 
mean of 1.5 days after AMI, and at 5 weeks repeat ventric- 
ulography revealed further improvement in streptokinase pa- 
tients only. 


LS r SSPE a. Yee SSS Se n NE 
Effects of Nisoldipine on Myocardial Ischemia During 
Exercise and During Daily Activity 

Dan Tzivoni, Shmuel Banai, Shulamit Botvin, Avraham 
Zilberman, Teddy A. Weiss, Alex Gavish, Aharon Medina, 
Jesaia Benhorin, Shlomo Rogel, Avraham Caspi, and Shlomo 
Stern 


The antiischemic properties of nisoldipine were assessed in a 
double-blind, placebo-controlled, multicenter trial of 82 pa- 
tients by repeated exercise tests and 72-hour ambulatory elec- 
trocardiographic monitoring. Results indicate that nisoldipine 
was effective in improving exercise parameters and only par- 
tially effective in suppressing ischemia during daily activity. 


ibe oa CRUISE Dre! Bie Ses Se ARI eh SL FA ae eR 
Usefulness of Blood Lactate as a Predictor of Shock 
De in Acute Myocardial Infarction 


Zarko Mavrié, Luka Zaputovié, Davorka Zagar, Ante Matana, 
and Davor Smokvina 


In this study, the authors tested the hypotheses that elevated 
peripheral blood lactate concentration preceded clinical mani- 
festations of shock in patients with acute myocardial infarction 
and that blood lactate could be used to predict the occurrence 
of shock. 


gs E EN PV E E ONEN ASO A ENEE NENTEN 
Long-Term Follow-Up of the First 56 Patients Treated 
with Intracoronary Self-Expanding Stents (The 
Lausanne 


Experience 
Jean-Jacques Goy, Ulrich Sigwart, Pierre Vogt, Jean- 
Christophe Stauffer, Urs Kaufmann, Philippe Urban, and 
Lukas Kappenberger 


In 55 of the first 56 patients treated with the self-expanding 
intracoronary stent for acute occlusion during percutaneous 
transluminal coronary angioplasty, deployment and position- 
ing were successful. Occlusion of the stent was the most fre- 
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quent complication, coronary artery bypass grafting was neces- 
sary in 4 patients, restenosis was documented in 5, and myo- 
cardial infarction occurred in 8, with 79% of the major compli- 
cations occurring in patients with a stent in the left anterior 
descending coronary artery. Occlusion remains the major limi- 
tation of this new therapeutic option for the treatment of some 
patients with acute occlusion or restenosis after PTCA. 





573 
of Supine Exercise Electrocardiogr 
Versus Exercise Neri Angiography in 


Robert D. Simari, Todd D. Miller, Alan R. Zinsmeister, and 
Raymond J. Gibbons 


Separate logistic regression models previously developed using 
supine exercise electrocardiography and exercise radionuclide 
angiography variables to predict left main or 3-vessel coronary 
artery disease were compared for their prognostic capabilities 
in 265 patients with normal resting electrocardiograms who 
were not taking digoxin. The exercise electrocardiography 
model is a powerful predictor of future cardiac events. Exercise 
radionuclide angiography does not provide any additional 
prognostic information in such patients. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


578 
Cardiac Arrest in Seattle: Conventional Versus 

Amiodarone Drug Evaluation (The CASCADE Study) 
The CASCADE Investigators 


This ongoing study randomizes survivors of out-of-hospital 
ventricular fibrillation not associated with a Q-wave myocardi- 
al infarction who are deemed to be at a high risk of VF recur- 
rence to either empirically administered amiodarone therapy 
or electrophysiologically guided administration of other antiar- 
rhythmic agents. Because overall cardiac mortality for the first 
142 patients enrolled was 19%, with 17% having either VF or 
presumed arrhythmic death at 1 year, the investigators are 
implanting automatic defibrillators when possible. As of May 
1990, 199 patients were enrolled; enrollment continues until 
March 31, 1991. 





SYSTEMIC HYPERTENSION 


DO NER SE Ay ee ST Rr TE e E ew. 
Relation of Cardiac Output at Rest and During Exercise 
to Age in Essential 

Robert Fagard and Jan Staessen 


To determine if the decline in cardiac output with age is relat- 
ed to occult coronary artery disease, the relation between car- 
diac output and age was analyzed in 110 men with essential 
hypertension, aged 16 to 64 years, who were free of cardiovas- 
cular complications 7 years later. Cardiac output was indepen- 
dently and inversely related to age at various levels of activity, 
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suggesting that occult cardiovascular disease is not responsible 
for the decline in cardiac output with age in patients with 
essential hypertension. 


590 


Comparison of the Effects of Guanadrel Sulfate and 


Propranolol on Blood Pressure, Functional Capacity, 
Serum Lipoproteins and Glucose in Systemic 


Hypertension 
Linda L. Darga, Mark J. Hakim, Charles P. Lucas, and Barry 
A. Franklin 


Fifteen physically active and moderately hypertensive subjects 
participated in this controlled, double-blind, crossover study, 
which compared the effects of guanadrel sulfate and proprano- 
lol on blood pressure, and on cardiopulmonary and metabolic 
variables. Data suggest that propranolol, compared with the 
equally effective antihypertensive guanadrel sulfate, may ad- 
versely affect cardiopulmonary function during exercise, and 
that guanadrel sulfate, compared with placebo, may have fa- 
vorable effects on carbohydrate metabolism. 


597 Mok eT ee ee ee oy, ee 
Comparison of Ambulatory Left Ventricular Ejection 
Fraction and Blood Pressure in Systemic Hypertension 
in Patients With and Without Increased Left 
Ventricular Mass 

Warren M. Breisblatt, Cynthia J. Wolf, Beverly McElhinny, 
Rosemarie Salerni, and Vivienne E. Smith 


To evaluate the effects of long-standing systemic hypertension 
on left ventricular function during daily activities, ambulatory 
radionuclide monitoring of LV ejection fraction and blood 
pressure were performed during exercise and other structured 
activities in 31 hypertensive patients. This study demonstrates 
that transient LV dysfunction is common and may accompany 
excursions of blood pressure that occur during activities when 
LV hypertrophy complicates hypertension. 


CONGESTIVE HEART FAILURE 


604 

Abnormal Barorefiex Control of Heart Rate in 
Decompensated Congestive Heart Failure and Reversal 
After i 

José A. Marin-Neto, Antonio O. Pintya, Lourenço Gallo, Jr., 
and Benedito C. Maciel 


Baroreflex control of heart rate was assessed in 10 patients 
with class IV chronic congestive heart failure before and after 
compensation achieved by medical treatment. A significant 
correlation between improvement in HR responses to atropine 
and head-up tilt and changes in body weight was obtained. 
These findings show a reversible component of impaired baror- 
eflex control of HR in severe CHF, possibly due to its conges- 
tive effects. 


VALVULAR HEART DISEASE 
611 
Doppler Study of Porcine 


aphic 
Heart Valves in the Aortic Valve Position 
in Patients Without Evidence of Cardiac Dysfunction 
Sharon C. Reimold, Ajit P. Yoganathan, H-W Sung, Lawrence 
H. Cohn, Martin G. St. John Sutton, and Richard T. Lee 


Effective orifice areas determined by Doppler echocardio- 
grams in a group of clinically stable patients 2 and 5 years 
after bioprosthetic heart valve replacement were compared 
with those determined in vitro by a left-sided heart pulse dupli- 
cator system. Doppler studies revealed deterioration in the he- 
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modynamic performance of bioprosthetic valves over time, 
suggesting that serial Doppler echocardiography may be useful 
for identifying subclinical bioprosthetic valvular dysfunction. 


i. a ed 
Clinical and Doppler Echocardiographic Follow-Up 
After Percutaneous Balloon Valvuloplasty for Aortic 
Valve Stenosis 

Annette Geibel, Wolfgang Kasper, Nikolaus Reifart, Thomas 
Faber, and Hanjérg Just 


Invasive and noninvasive before-and-after studies of 36 pa- 
tients with severe aortic valve stenosis who underwent percuta- 
neous balloon valvuloplasty revealed a significant increase in 
aortic orifice area and a decrease in maximal instantaneous 
pressure gradient. During 18 months of follow-up, Doppler 
echocardiography revealed an accelerated progression of reste- 
nosis in the 14 patients who died and in the 8 patients who later 
underwent successful aortic valve replacement, as well as a 
tendency for stenoses to return to preprocedural severity in 
patients who survived and remained free of cardiac events. 


MISCELLANEOUS 


OG a el ey emer LE inks | 
Effect of Heart Rate on Left Ventricular Diastolic 
Transmitral Flow Velocity Patterns Assessed by 
Doppler Echocardiography in Normal Subjects 

Michael R. Harrison, G. Dennis Clifton, Andrew T. Pennell, 
and Anthony N. DeMaria, with the technical assistance of 
Annette Cater 


To determine the influence of heart rate on the pattern of left 
ventricular filling as depicted by Doppler echocardiographic 
transmitral flow velocities, 20 young healthy subjects were 
evaluated with pulsed-wave Doppler echocardiography, with 
the sample volume placed at the mitral anulus level in the 
apical 4-chamber projection. Results indicate that HR influ- 
ences Doppler patterns of diastolic filling, that early filling 
velocity is unchanged but atrial filling velocities increase as 
HR increases, and that, for each increase of 10 beats/min in 
HR, peak atrial filling velocity can be expected to increase by 8 
cm/s. 


CR AE a es il Sen eo 
Effects of the Immunosuppressant Cyclosporine on the 
Circulation of Heart Transplant R 

John P. Scott, Tim W. Higenbottam, John A. Hutter, Stephen 
Large, and John Wallwork 


Is there a direct relation between cyclosporine blood levels and 
the degree of systemic vascular resistance? In 34 heart trans- 
plant recipients receiving immunosuppressant treatment, cy- 
closporine appeared to have a direct effect as well as an unex- 
plained chronotropic effect on systemically resistant blood 
vessels. 


633 SE SL TW eae EEO TB 
Effects of Exercise Training on Cardiorespiratory 
Function in Men and Women >60 Years of Age 

James A. Blumenthal, Charles F. Emery, David J. Madden, R. 
Edward Coleman, Margaret W. Riddle, Susan Schniebolk, 
Frederick R. Cobb, Martin J. Sullivan, and Michael B. 
Higginbotham 


After baseline measurements of aerobic capacity and blood 
lipids, 101 men and women >60 years old were randomized to 
aerobic exercise (3 times per week for 1 hour), yoga (2 times 
per week for | hour), or a 4-month waiting list nonexercise 
control group. Regular aerobic exercise maintained over an 


extended 14-month period of time is associated with greater 
cardiovascular benefits among older adults than has been pre- 
viously reported. 


EDITORIAL 


641 
A Plea for Two Actions That Need to be Taken 
Norman M. Kaplan 


BRIEF REPORTS 


643 

Is ST Elevation the Only Electrocardiogr 

Response of the Ischemic Right Ventricle? 

David W. Krueger, Douglass A. Morrison, J. Kern Buckner, 
Kathleen Kelley, and JoAnn Lindenfeld 


645 


Differentiating Anginal Patients with Coronary Artery 


Disease from Those with Normal Coronary Arteries 
Using Psychological Measures 

James H. McCroskery, Robert E. Schell, Robert P. Sprafkin, 
Larry J. Lantinga, Robert A. Warner, and Norma Hill 


647 


Lidocaine Toxicity After Subcutaneous Infiltration in 


Children Undergoing Cardiac Catheterization 

John M. Palmisano, Jon N. Meliones, Dennis C. Crowley, 
Jean M. Martin, Kim H. Truman, Brad A. Krauzowicz, and 
Albert P. Rocchini 


Indexing Repetitive to Single Ventricular Premature 


Complexes: A New Concept in Acute Drug Testing 
Kenneth M. Kessler, Agustin Castellanos, and Robert J. 


Myerburg 
650 


Accuracy of Cross-Sectional Echocardiography in 


Diagnosis of Aortopulmonary Window 
Seshadri Balaji, Michael Burch, and lan D. Sullivan 


653 


Frequency of Occurrence of Residual Ductal Flow After 


Surgical Ligation by Color-Flow Mapping 
Keld E. Sørensen, Bent Ø. Kristensen, and Ole K. Hansen 


655 
Electrocardiographic, Enzymatic and 
Echocardiographic Evidence of Myocardial Damage 
After Tityus Serrulatus Scorpion Poisoning 

Carlos Faria Santos Amaral, José Agostinho Lopes, Renato 
Almeida Magalhães, and Nilton Alves de Rezende 





CASE REPORTS 


636 a ee 8 E 
Creation of Pseudo Narrowing During Coronary 


Angioplasty — 
Alan N. Tenaglia, James E. Tcheng, Harry R. Phillips, Ill, and 
Richard S. Stack 


GSO "ee 
Myocardial Ischemia-Induced Transient Anterior 
Conduction Delay 

Constantine A. Hassapoyannes and William P. Nelson 


CS Se RS SAO Se PAR Eps, Se eee REM EEA MRSA! Pe 
Endomyocardial Biopsy Finding in Two Patients with 
idiopathic Dilated Cardiomyopathy Receiving Long- 
Term Treatment with Amiodarone 

Eloisa Arbustini, Maurizia Grasso, Jorge A. Salerno, Antonello 
Gavazzi, Angela Pucci, Manuela Bramerio, Alberto Calligaro, 
and Victor J. Ferrans 


662 T Neh E DS Be Be ETE SR i eae ee BY 
Intravascular Ultrasound for Diagnosis of Aortic 
Dissection 


Abhay Pande, Bernhard Meier, Martin Fleisch, Raoul 
Kammerlander, Francois Simonet, and René Lerch 


ERTS ST SERIO tele ho Ti i Ee I ge ae ee ee lL 
Mitral Valve Origin of Pedunculated Rhabdomyomas 
Causing Subaortic Stenosis 

Ramakrishna Pillai, Nabil Kharma, A. Gerard Brom, and 
Anton E. Becker 
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CORONARY ARTERY DISEASE 


ecg EASE PEW RES AVe RE NESE EEN PENE A ag 
Early Beneficial Effect of Streptokinase on Left Ventricular 
Function in Acute Myocardial Infarction 

Florence H. Sheehan, Claude Thery, Philippe Durand, Michel E. Bertrand, 
and Edward L. Bolson 


The time course of functional recovery after streptokinase therapy was 
investigated in a controlled study of 64 patients randomized within 3 hours 
after the onset of acute myocardial infarction (AMI). At cardiac catheter- 
ization performed a mean of 1.5 days after AMI, streptokinase patients 
had less severe hypokinesia in the central and peripheral infarct regions 
than control patients, and a slightly higher ejection fraction. Repeat ven- 
triculography at 5 weeks revealed further improvement in streptokinase 
patients only. Thus, streptokinase improves left ventricular function dur- 
ing the period of myocardial stunning. 


a AE rer NEA OE BRESAR L r EAO SEIE C E A EE A NEG OEA. 
Effects of Nisoldipine on Myocardial Ischemia During Exercise 
and During Daily Activity 

Dan Tzivoni, Shmuel Banai, Shulamit Botvin, Avraham Zilberman, Teddy 
A. Weiss, Alex Gavish, Aharon Medina, Jesaia Benhorin, Shlomo Rogel, 
Avraham Caspi, and Shlomo Stern 


The antiischemic properties of nisoldipine, 10 mg twice daily, were as- 
sessed in a double-blind, placebo-controlled, multicenter trial of 82 pa- 
tients by repeated exercise tests and 72-hour ambulatory electrocardio- 
graphic monitoring. In the 41 patients receiving nisoldipine, all exercise 
parameters (exercise duration, time to 1 mm of ST depression, time to 
pain and maximal ST depression ) improved. Of the ambulatory electro- 
cardiographic monitoring parameters, only the number of ischemic epi- 
sodes was reduced from 14.4 to 11.6 per patient. No significant adverse 
effects were observed. 


565 

Usefulness of Blood Lactate as a Predictor of Shock 
Development in Acute Myocardial Infarction 

Žarko Mavrić, Luka Zaputović, Davorka Žagar, Ante Matana, and 
Davor Smokvina 


Data were obtained and analyzed in 229 patients with acute myocardial 
infarction admitted to the coronary care unit. The patients were classified 


Continued on page A14 
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CARDIOVASCULAR ADMINISTRATOR 


WORK AND PLAY in the beautiful Inland Northwest. Year-round 
activities by the many lakes and mountains are just a short drive 
from your back yard. 

A challenging position available with a major tertiary care medical 
center for an innovative, high-energy administrator experienced in 
organizing, marketing, and directing state-of-the-art cardiology 
services. Candidates must demonstrate successful experience in- 
teracting with physicians and executive level management. 
Appropriate education in health care administration with a Mas- 
ter’s degree preferred. 

Sound interesting? Please forward your resumé and salary re- 


of 
Cardiology 





Classified service for readers who are: 


SEEKING: quirements to: 
oi : Box 1180 
Positions e Associates The American Journal of Cardiology 
249 W. 17th Street 
ANN N IN . New York, N.Y. 10011 
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SELLING: 
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OFFERING ology. Noninvasive/invasive, no PTCA, cardiac cath facilities. Excellent 
s : office/clinic and hospital facilities. Beautiful midwestern community on 
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Medical Equipment e Medical Publications 


The American Journal of Cardiology order form 
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CARDIOLOGIST to join cardiology department of multi-specialty 
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ance, relocation expense and interview expense included in bene- 
fits package. Enjoy a sub-tropical climate on the Texas Gulf Coast. 
Location is attractive to those who enjoy outdoor sports such as 
fishing, golf, and sailing. Look into joining our great team. Contact: 
Amanda Fuhro, Valley Diagnostic Medical & Surgical Clinic, P.A., 
2200 Haine Drive, Harlingen, Texas, 1-800-852-4543 or (512) 
421-5199. 


NON-INVASIVE CARDIOLOGIST 


Teach echo/doppler and stress testing to fellows, resi- 
dents, and med students. Provide medical supervision in 
Cardiac Ultrasound Lab. Attend in Echocardiography Lab, 
performing echocardiograms, incl pulse wave, continuous 
wave, color doppler studies and stress tests. Interpret 
electrocardiograms and ambulatory 24-hour monitors. 
Perform exercise studies with EKG monitoring and provide 
interpretations. Assist in eval of cardiac pacemakers. Per- 
form research. Must have: MD in Medicine or equiv and 1 
yr exp as Cardiologist or 2 yrs exp as cardiology fellow; 
exp in application of ultrasound in cardiac diagnosis; exp 
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into 2 groups: patients without or with only mild left ventricular failure 
(Killip class I or II) during their hospital stay (group I), and patients who 
were in Killip class I or II on admission but developed cardiogenic shock 
during hospitalization (group II). Discriminant function analysis was 
performed on selected clinical and laboratory variables. Variables that 
were found to significantly discriminate the 2 groups of patients were age, 
previous infarction, x-ray cardiothoracic ratio, blood urea and lactate 
concentration. The risk index was computed, and blood lactate was found 
to be a variable with the greatest predictive power for shock development. 
With a cutoff value of 2 for the risk index, the sensitivity, specificity, 
positive and negative predictive values for shock development were 53, 99, 
82 and 96%, respectively. 


Sn Sat a A og el AE Ne A ee 
Long-Term Follow-Up of the First 56 Patients Treated with 
intracoronary Self-Expanding Stents (The Lausanne 
Experience) 

Jean-Jacques Goy, Ulrich Sigwart, Pierre Vogt, Jean-Christophe Stauffer, 
Urs Kaufmann, Philippe Urban, and Lukas Kappenberger 


Long-term follow-up of the first 56 patients treated with the self-expand- 
ing intracoronary stent for acute occlusion during percutaneous translu- 
minal coronary angioplasty (PTCA) or restenosis revealed successful de- 
ployment in 55 patients. Thirty-four months after implantation, 49 pa- 
tients are alive, 39 remain asymptomatic and 44 are in a better functional 
class than before implantation. Occlusion of the stent was the most fre- 
quent major complication and occurred in 8 patients. Coronary artery 
bypass grafting was necessary in 4 patients and restenosis was documented 
in 5 patients (9% ). Myocardial infarction occurred in 8 patients. Seventy- 
nine percent of the major complications occurred in patients with a stent in 
the left anterior descending coronary artery. We conclude that the self- 
expanding stent is a new therapeutic option for the treatment of some 
patients with acute occlusion or restenosis after PTCA. However, occlu- 
sion remains the major limitation of this method. 


i PASNE CA Pie ay AA ES AE L os A Re De aA A 
Capabilities of Supine Exercise Electrocardiography Versus 
Exercise Radionuclide Angiography in Predicting Coronary 
Events 

Robert D. Simari, Todd D. Miller, Alan R. Zinsmeister, and 

Raymond J. Gibbons 


Separate logistic regression models previously developed using supine 
exercise electrocardiography and exercise radionuclide angiography vari- 
ables to predict left main or 3-vessel coronary artery disease were com- 
pared for their prognostic capabilities in 265 patients with normal resting 
electrocardiograms who were not taking digoxin. The exercise electrocar- 
diography model (chi-square = 30.8, p <0.0001 ) was a powerful predictor 
of future cardiac events and was similar to the exercise radionuclide 
angiography model (chi-square = 31.8, p <0.0001 ). There were no differ- 
ences in event-free survival for patient subgroups predicted to have low, 
intermediate or high probability of severe coronary artery disease using 
the exercise electrocardiography versus the exercise radionuclide angiog- 
raphy model. 
Continued on page A20 
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PRACTICAL, READABLE, AUTHORITATIVE 
SOURCES ON CARDIOLOGY 


x New! 


THROMBOLYSIS: Basic Contributions and Clinical Progress 
Edgar Haber, MD and Eugene Braunwald, MD; with 23 contributors. 


Experts in the field have compiled the most recent discoveries in thrombolysis in this one complete source. 


e Covers treatment of specific disorders such as myocardial infarction and pulmonary thromboembolism. 


e Contains theoretical background involving the mechanism of action of various thrombolytic drugs. 


e Includes practical summaries of major clinical trials. 
March 1991. Approx. 350 pages, 95 ills. (Book Code: 02010) 


New 2nd Edition! 


CARDIOLOGY: Fundamentals and Practice 
Emilio R. Giuliani, MD; Valentin Fuster, MD; Bernard J. Gersh, MB, BCh, DPhil; Michael D. McGoon, MD; 


and Dwight C. McGoon, MD 


From the prestigious Mayo Clinic’s Division of Cardiology comes the definitive source of knowledge and practical 


` guidance for the cardiologist. 


* Each chapter is written as a self-contained document by an expert in the field. 


e Includes new chapters on fast CT/Doppler, magnetic resonance imaging of the heart, cardiac transplant and more. 
May 1991. 3,415 pages, 1,459 ills. (Book Code: 02006) 


New 3rd Edition! 


CONGENITAL HEART DISEASE: A Deductive Approach to Its Diagnosis 


Burton W. Fink, MD 


Medical students and pediatric residents alike will appreciate this easy-to-read, well-illustrated primer on congenital heart 


disease. 


e Covers individual disorders in 
diagnosis and laboratory tests. 


terms of embryology and anatomy, hemodynamics, clinical manifestations, differential 


e Includes clinical pearls and memory aids for each disorder. 
June 1991. 224 pages, 298 ills. (Book Code: 20378) NA Year Book 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


578 

Cardiac Arrest in Seattle: Conventional Versus Amiodarone 
Drug Evaluation (The CASCADE Study) 

The CASCADE Investigators 


This randomized study evaluates survivors of out-of-hospital ventricular 
fibrillation (VF) not associated with a Q-wave myocardial infarction who 
are deemed to be at a high risk of recurrence of VF. It compares the 
outcome of treatment with empirically administered amiodarone with the 
outcome of treatment with other antiarrhythmic agents guided by electro- 
physiologic testing or Holter recording, or both. The primary end point of 
the study is total cardiac mortality. By May 1990, 199 patients had been 
enrolled. Of the first 142 patients, 17% had either VF or presumed ar- 
rhythmic death at | year. Because of this relatively high mortality, the 
investigators concluded that all patients participating in the study should 
also have an automatic defibrillator implanted when possible. Enrollment 
will continue until March 31, 1991. 





SYSTEMIC HYPERTENSION 


et ae Ar E E ES R OAA a 
Relation of Cardiac Output at Rest and During Exercise to Age 
in Essential Hypertension 

Robert Fagard and Jan Staessen 


The relation of cardiac output to age was analyzed in 110 sixteen- to 64- 
year-old patients with World Health Organization stage I and II essential 
hypertension at the time of the hemodynamic study, who were alive and 
free of cardiovascular complications 7 years later. At supine and seated 
rest, and during bicycle exercise at 50 W and at peak work load, cardiac 
output was inversely (p <0.01) related to age. These relations were inde- 
pendent of weight and mean intraarterial pressure. These findings suggest 
that occult cardiovascular disease does not explain the decline in cardiac 
output with aging in patients with essential hypertension. 


590 

Comparison of the Effects of Guanadrel Sulfate and 
Propranolol on Blood Pressure, Functional Capacity, Serum 
Lipoproteins and Glucose in Systemic Hypertension 

Linda L. Darga, Mark J. Hakim, Charles P. Lucas, and Barry A. Franklin 


A double-blind comparison of the effects of guanadrel sulfate and pro- 
pranolol in 15 active hypertensive subjects revealed that guanadrel sulfate 
decreased systolic and diastolic blood pressure (BP) at rest (—16 and —15 
mm Hg, respectively) and at maximal exercise (—33 and —13 mm Hg, 
respectively; p <0.005), without affecting aerobic capacity (maximal 
oxygen consumption [VO.]), ventilatory threshold, perceived exertion or 
standard pulmonary function measurements. Guanadrel sulfate was also 
associated with decreased fasting plasma glucose and serum cholesterol 
levels. Propranolol reduced diastolic BP at rest and systolic BP at maximal 


Continued on page A22 
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exercise; however, it significantly decreased maximal VO), ventilatory 
threshold, forced expiratory volume in 1 second, and increased the maxi- 
mal rating of perceived exertion and serum triglyceride levels. In contrast 
to propranolol, guanadrel sulfate appears to decrease BP without evoking 
negative metabolic consequences or impairing exercise tolerance. 





i DARE e a i n ae 

; Comparison of Ambulatory Left Ventricular Ejection Fraction 
hi and Blood Pressure in Systemic Hypertension in Patients With 
fs and Without Increased Left Ventricular Mass 

f Warren M. Breisblatt, Cynthia J. Wolf, Beverly McElhinny, Rosemarie 

i Salerni, and Vivienne E. Smith 


i To evaluate the effects of long-standing systemic hypertension on left 
ventricular (LV ) function during daily activities, ambulatory radionuclide 
monitoring of LV ejection fraction and blood pressure were performed 
during exercise and other structured activities in 31 hypertensive patients. 
p Patients were divided into 3 groups based on the absence of LV hypertro- 
| phy (group 1, n = 16), presence of LV hypertrophy without electrocardio- 
á graphic changes (group 2, n = 10) and LV hypertrophy with associated 
electrocardiographic changes (group 3, n = 5). Patients in group 1 had 
normal ejection fraction responses to exercise and mental stress testing, as 
well as during routine ambulatory activities, but the responses in group 2 
and 3 patients were abnormal and associated with significant increases in 
mean arterial pressure and reduction of diastolic filling rates. Similar 
abnormalities in systolic ventricular performance also occurred in group 2 
| and 3 patients during routine activities when blood pressure was elevated. 
i Transient LV dysfunction is common and may occur during activities of 
daily living when LV hypertrophy complicates hypertension. 


CONGESTIVE HEART FAILURE 


R t a ALD MRS OL a Fo) 5 T Aa SAEED 
Abnormal Baroreflex Control of Heart Rate in Decompensated 
Congestive Heart Failure and Reversal After Compensation 
José A. Marin-Neto, Antonio O. Pintya, Lourenco Gallo, Jr., and 
Benedito C. Maciel 


Baroreflex control of heart rate (HR) was assessed in 10 patients with 
class IV chronic congestive heart failure (CHF) before and after compen- 
satien achieved by medical treatment: bed rest, sodium intake restriction, 
diuretics and vasodilators. The mean period between the 2 studies was 15 
+ 3 days. Diet and pharmacologic conditions were similar during both 
studies. Compensation of CHF led to significant reduction of symptomat- 
ic class, body weight, and physical, radiologic and echocardiographic signs 
of pulmonary and systemic congestion. Significant increases in chrono- 
tropic responses to atropine, 70° head-up tilt and handgrip were observed 
after compensation. Baroreflex sensitivity to phenylephrine and amy] ni- 
trate-induced changes in blood pressure was also significantly augmented 
after compensation. A significant correlation was obtained between im- 
provement in HR responses to tilt and atropine and changes in body 
weight seen with compensation. A reversible component of the impair- 
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INDICATIONS AND USAGE: EMINASE® ANISTREP- 
LASE, is indicated for use in the management 
of acute myocardial infarction (AMI) in adults, 
for the lysis of thrombi obstructing coronary 
arteries, the reduction of infarct size, the im- 
provement of ventricular function following 
AMI, and the reduction of mortality associated 
with AMI. Treatment should be initiated as soon 
as possible after the onset of AMI symptoms 
(see CLINICAL PHARMACOLOGY). 
CONTRAINDICATIONS: Because thrombolytic ther- 
apy increases the risk of bleeding, EMINASE® 
is contraindicated in the following situations: # active internal bleeding = history of cerebrovascular accident = 
recent (within 2 months) intracranial or intraspinal surgery or trauma (see WARNINGS) = intracranial neoplasm, 
arteriovenous malformation, or aneurysm ™ known bleeding diathesis = severe, uncontrolled hypertension. EMINASE® 
should not be administered to patients having experienced severe allergic reactions to either this product or Streptokinase. 
WARNINGS: Bleeding: (See ADVERSE REACTIONS) The most common complication associated with EMINASE®* therapy is 
bleeding. The types of bleeding associated with thrombolytic therapy can be divided into two broad categories: 
1. Internal bleeding involving the gastrointestinal tract, genitourinary tract, retroperitoneal, ocular, or intracranial sites. 
2. Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., venous Cutdowns, arterial 
punctures, sites of recent surgical intervention). The concomitant use of heparin anticoagulation may contribute to 
the bleeding. Some of the hemorrhagic episodes occurred one or more days after the effects of EMINASE® had 
dissipated, but while heparin therapy was continuing. As fibrin is lysed during EMINASE® therapy, bleeding from 
recent puncture sites may occur. Therefore, thrombolytic therapy requires careful attention to all potential bleeding 
sites (including catheter insertion sites, arterial and venous puncture sites, cutdown sites, and needle puncture sites). 
Intramuscular injections and nonessential handling of the patient should be avoided during treatment with 
EMINASE®.-Venipunctures should be performed carefully and only as required. Should an arterial puncture be 
necessary following administration of EMINASE® it is preferable to use an upper-extremity vessel that is accessible 
to manual compression. A pressure dressing should be applied, and the puncture site should be checked frequently 
for evidence of bleeding. Each patient being considered for therapy with EMINASE® should be carefully evaluated 
and anticipated benefits should be weighed against potential risks associated with therapy. In the following condi- 
tions, the risks of EMINASE® therapy may be increased and should be weighed against the anticipated benefits: 
m recent (within 10 days) major surgery (e.g., coronary artery bypass graft, obstetrical delivery, organ biopsy, 
previous puncture of non-compressible vessels) ® cerebrovascular disease ™ recent gastrointestinal or genito- 
urinary bleeding (within 10 days) ™ recent trauma (within 10 days) including cardiopulmonary resuscitation ® hyper- 
tension: systolic BP >180 mmHg and/or diastolic BP >110 mmHg = high likelihood of left heart thrombus (e.g., mitral 
stenosis with atrial fibrillation) @ subacute bacterial endocarditis = acute pericarditis # hemostatic defects including 
those secondary to severe hepatic or renal disease ™ pregnancy = age >75 years (Use of EMINASE® in patients 
over 75 years old has not been adequately studied.) = diabetic hemorrhagic retinopathy or other hemorrhagic 
ophthalmic conditions ™ septic thrombophlebitis or occluded AV cannula at seriously infected site ® patients 
currently receiving oral anticoagulants (e.g., warfarin sodium) = any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 


Arrhythmias: Coronary thrombolysis may result in arrhythmias associated with reperfusion. These arrhythmias 
(such as sinus bradycardia, accelerated idioventricular rhythm, ventricular premature depolarizations, ventricular 
tachycardia) are not different from those often seen in the ordinary course of acute myocardial infarction and may 
be managed with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when injections of EMINASE® are administered. 


Hypotension: Hypotension, sometimes severe, not secondary to bleeding or anaphylaxis, has occasionally been 
observed soon after intravenous EMINASE® administration. Patients should be monitored closely and, should 
symptomatic or alarming hypotension occur, appropriate symptomatic treatment should be administered. 


PRECAUTIONS: General: Standard management of myocardial infarction should be implemented concomitantly with 
EMINASE* treatment. invasive procedures should be minimized (see WARNINGS). Anaphylactoid reactions have rarely 
been reported in patients who received EMINASE®. Accordingly, adequate treatment provisions such as epinephrine 
should be available for immediate use. 


Readministration: Because of the increased likelihood of resistance due to antistreptokinase antibody, EMINASE® may 
not be as effective if administered more than 5 days after prior EMINASE® or Streptokinase therapy or streptococcal 
infection, particularly between 5 days and 6 months. Increased antistreptokinase antibody levels between 5 days 
and 6 months after EMINASE® or Streptokinase administration may also increase the risk of allergic reactions. 
Repeated administration of EMINASE® within one week of the initial dose has occurred in a small number of patients 
treated for AMI and non-AMI conditions. The incidence of hematomas/bruising was somewhat greater in those 
patients who received repeat doses of EMINASE* but otherwise the adverse event profile was similar to those who 
received one dose. 

Laboratory Tests: intravenous administration of EMINASE® will cause marked decreases in plasminogen and fibrinogen 
and increases in thrombin time (TT), activated partial thromboplastin time (APTT), and prothrombin time (PT). 
Results of coagulation tests and/or measures of fibrinolytic activity performed during EMINASE® therapy may be 
unreliable unless specific precautions are taken to prevent in vitro artifacts. EMINASE®, when present in blood in 
pharmacologic concentrations, remains active under in vitro conditions. This can lead to degradation of fibrinogen 
in blood samples removed for analysis. Collection of blood samples in the presence of aprotinin (2000 to 3000 
KIU/mL) can, to some extent, mitigate this phenomenon. 


Drug Interactions: The interaction of EMINASE® with other cardioactive drugs has not been studied. In addition to 

bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function (such as aspirin and 

dipyridamole) may increase the risk of bleeding if administered prior to EMINASE® therapy. 

Use of Anticoagulants; EMINASE® alone or in combination with antiplatelet agents and anticoagulants may cause 

bleeding complications. Therefore, careful monitoring is advised, especially at arterial puncture sites. In clinical 

studies, a majority of patients treated received anticoagulant therapy postdosing with EMINASE® during their hospital 

stay and a minority received heparin pretreatment with EMINASE®. The use of antiplatelet agents increased the inci- 
dence of bleeding events similarly in patients treated with EMINASE® or nonthrombolytic therapy. There was no 

evidence of a synergistic effect of combined EMINASE® and antiplatelet agents on bleeding events. In addition, 
there was no difference in the incidence of hemorrhagic CVA's in EMINASE® treated patients who did or did not 

receive aspirin. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed to evaluate 

the carcinogenic potential or the effect on fertility. Studies to determine mutagenicity and chromosomal aberration 

assays in human lymphocytes were negative at all concentrations tested. 
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Pregnancy (Category C): Animal reproduction studies have not been conducted with EMINASE®. It is also not known 
whether EMINASE® can cause fetal harm when administered to a pregnant woman or can aftect reproduction 
capacity. EMINASE® should be given to a pregnant woman only if clearly needed. 

Nursing Mothers: It is not known whether EMINASE® is excreted in human milk. Because many drugs are excreted 
in human milk, the physician should decide whether the patient should discontinue nursing or not receive EMINASE® 


Pediatric Use: Safety and effectiveness of EMINASE® in children have not been established. 


ADVERSE REACTIONS: Bleeding: The incidence of bleeding (major or minor) varied widely from study to study and may 
depend on the use of arterial catheterization and other invasive procedures, patient population, and/or concomitant 
therapy. The overall incidence of bleeding in patients treated with EMINASE® in clinical trials (n=5275) was 14.6%, 
with nonpuncture-site bleeding occurring in 10.2%, and puncture-site bleeding occurring in 5.7%, of these patients. 
Bleeding at the puncture site occurred more frequently in clinical trials in which the patients underwent immediate 
coronary catheterization (13.3%, n=637) compared with those who did not (3.0%, n=2023). The incidence of 
presumed intracranial bleeding within 7 days postdosing with EMINASE® was 0.57% (n=5275; 0.34% etiology 
confirmed hemorrhagic; 0.23% etiology not confirmed) compared to 0.16% (n=1249) after nonthrombolytic therapy. 
in the AIMS trial the overall incidence of bleeding in patients treated with EMINASE® was 14.8% compared with 
3.8% for placebo. The incidence of specific bleeding events was: 


EMINASE® Placebo 
Type of Bleeding (n=500) (n=501) 
Puncture site 46% <1% 
Nonpuncture site hematoma 2.8% <1% 
Hematuria/Genitourinary 2.4% <1% 
Hemoptysis 2.2% <1% 
Gastrointestinal hemorrhage 2.0% 1.4% 
Intracranial 1.0% <1% 
Gum/Mouth Hemorrhage 1.0% 0 
Epistaxis <1% <1% 
Anemia <1% <1% 
Eye Hemorrhage <1% <1% 
Hemorrhage (unspecified) <1% 0 


In this study there was no difference between EMINASE” and placebo in the incidence of major bleeding events. 
Should serious bleeding (not controlled by local pressure) occur in a critical location (intracranial, gastrointestinal, 
retroperitoneal, pericardial), any concomitant heparin should be terminated immediately and the administration of 
protamine to reverse heparinization should be considered. If necessary, the bleeding tendency can be reversed with 
appropriate replacement therapy. Minor bleeding can be anticipated mainly at invaded or disturbed sites. If such 
bleeding occurs, local measures should be taken to control the bleeding (see WARNINGS). 


Cardiovascular: The most frequently reported adverse experiences in EMINASE® clinical trials (n=5275) were 

arrhythmia/conduction disorders which were reported in 38% of patients treated with EMINASE* and 46% of 

nonthrombolytic control patients. Hypotension occurred in 10.4% of patients treated with EMINASE® compared to 

7.9% for patients who received nonthrombolytic treatment (see WARNINGS). 

Allergic-type Reactions: Anaphylactic and anaphylactoid reactions have been observed rarely (0.2%) in patients 

treated with EMINASE® and are similar in incidence to Streptokinase (0.1% anaphylactic shock in one study). 
These included symptoms such as bronchospasm or angioedema. Other milder or delayed effects such as urticaria, 
itching, flushing, rashes, and eosinophilia have been occasionally observed. A delayed purpuric rash appearing 

one to two weeks after treatment has been reported in 0.3% of patients. The rash may also be associated with 

arthralgia, ankle edema, gastrointestinal symptoms, mild hematuria, and mild proteinuria. This syndrome was 

self-limiting and without long-term sequelae. 

Risk of Viral Transmission; Six batches of EMINASE® (five different batches of Lys-Plasminogen) were used in clinical 

trials designed specifically to monitor possible hepatitis non-A, non-B transmission. No case of hepatitis was 

diagnosed in patients receiving EMINASE®, Lys-Plasminogen is derived from human plasma obtained from FDA 

approved sources and tested for absence of viral contamination, including human immunodeficiency virus type-1 

(HIV-1) and hepatitis B surface antigen. The manufacturing process includes a vapor-heat treatment step for inacti- 
vation of viruses. The entire manufacturing process has also been validated to yield a cumulative reduction of 

>10” fold HIV-1 infectious particles, i.e., >10° infectious particles removed by vapor-heat treatment and a cumu- 
lative total of >10" infectious particles removed by the various steps in the purification process. 

Causal Relationship Unknown: Since the following experiences may also be associated with AMI or other therapy, the 

causal relationship to EMINASE® administration is unknown. The following adverse experiences were infrequently 

(<10%) reported in clinical trials: Body as a Whole—chills, fever, headache, shock; Cardiovascular—cardiac rupture, 
chest pain, emboli; Dermatolegy—purpura, sweating; Gastrointestinal—nausea and/or vomiting; Hemic and Lymphatic— 

thrombocytopenia; Metabolic and Nutritional—elevated transaminase levels; Musculoskeletal—arthralgia; Nervous— 

agitation, dizziness, paresthesia, tremor, vertigo; Respiratery—dyspnea, lung edema. 

DOSAGE AND ADMINISTRATION: Administer EMINASE® as soon as possible after the onset of symptoms. The recommended 

dose is 30 units of EMINASE® administered only by intravenous injection over 2 to 5 minutes into an intravenous 

line or vein. 

Reconstitution: 1. Slowly add 5 mL of Sterile Water for Injection, U.S.P, by directing the stream of fluid against the 

side of the vial. 2. Gently roll the vial, mixing the dry powder and fluid. Do not shake. Try to minimize foaming. 3. The 

reconstituted preparation is a colorless to pale yellow transparent solution. Before administration, the product should 

be visually inspected for particulate matter and discoloration. 4. Withdraw the entire contents of the vial. 5. The 

reconstituted solution should not be further diluted before administration or added to any infusion fluids. No other 

medications should be added to the vial or syringe containing EMINASE®. 6. If EMINASE* is not administered within 

30 minutes of reconstitution, it should be discarded. 


HOW SUPPLIED: EMINASE® is supplied as a sterile, lyophilized powder in 30-unit vials. NDC 57294-030-20. 


Storage: Store lyophilized EMINASE® between 2-8°C (36-46°F). Do not use beyond the expiration date printed 
on the vial. 
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ment in baroreflex control of HR is suggested in severe CHF, possibly due 
to its congestive effects. 


VALVULAR HEART DISEASE 


611 
Doppler Echocardiographic Study of Porcine Bioprosthetic 
Heart Valves in the Aortic Valve Position in Patients Without 
Evidence of Cardiac Dysfunction 

Sharon C. Reimold, Ajit P. Yoganathan, H-W Sung, Lawrence H. Cohn, 
Martin G. St. John Sutton, and Richard T. Lee 





Doppler echocardiograms were recorded in clinically stable patients at 2 
and 5 years after replacement of native aortic valves with bioprosthetic 
valves. In vivo Doppler-derived effective orifice areas were compared with 
in vitro measurements for the same valve size. At both 2- and 5-year 
follow-up examinations, the Doppler-derived area was significantly less 
than the in vitro area (p <0.0001 ). The mean decrease in area between the 
2 examinations was 0.25 + 0.29 cm? (p <0.005). Serial Doppler echocar- 
diograms demonstrate a deterioration in the hemodynamic performance 
of bioprosthetic valves over time in patients with no symptoms or signs of 
valvular dysfunction. 


616 

Clinical and Doppler Echocardiographic Follow-Up After 
Percutaneous Balloon Valvuloplasty for Aortic Valve Stenosis 
Annette Geibel, Wolfgang Kasper, Nikolaus Reifart, Thomas Faber, and 
Hanjorg Just 


Percutaneous balloon valvuloplasty is controversially considered an alter- 
native therapy to the surgical approach. This study of 36 patients with 
severe aortic valve stenosis, in which all patients were invasively and 
noninvasively (Doppler echocardiography) studied before and after bal- 
loon valvuloplasty, revealed a significant increase in the aortic orifice area 
(p <0.001 ) and a decrease in the pressure gradient (p <0.001). Patients 
were followed for 18 months by means of clinical parameters (mortality, 
morbidity, clinical symptoms) and repeat Doppler echocardiographic 
measurements. In-hospital mortality was 8%. After hospital discharge, 16 
patients (44%) died and 8 patients (22%) underwent successful aortic 
valve replacement. Nine patients (25%) were event-free and alive after 18 
months of follow-up. Progression of restenosis assessed by Doppler echo- 
cardiography was accelerated in patients who subsequently died or under- 
went repeat balloon valvuloplasty or aortic valve replacement. Over a 
period of <6 months, aortic valve orifice area and the maximal instanta- 
neous gradient nearly returned to preprocedural values in almost all pa- 
tients. 
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MISCELLANEOUS 


eh a ee 
Effect of Heart Rate on Left Ventricular Diastolic Transmitral 
Flow Velocity Patterns Assessed by Doppler Echocardiography 
in Normal Subjects 

Michael R. Harrison, G. Dennis Clifton, Andrew T. Pennell, and Anthony 
N. DeMaria, with the technical assistance of Annette Cater 





Twenty volunteers were evaluated with pulsed-wave Doppler echocardiog- 
raphy, performed with the sample volume placed at the mitral anulus 
level. Measurements were recorded during baseline (sinus rhythm, mean 
70 beats/min) and during transesophageal atrial pacing (mean 88 beats/ 
min). Baseline peak and integrated atrial velocities averaged 0.37 + 0.06 
m/s and 2.3 + 0.7 cm, respectively, but were significantly greater at the 
higher rate (0.5 + 0.07 m/s and 3.2 + 1.1 cm, respectively [p <0.003 vs 
baseline for each]). Further analysis of a subgroup of 9 subjects for whom 
Doppler measurements were available at 3 heart rates (HRs) (sinus 70; 
pacing 80 and 90) yielded strong evidence for a linear relation between 
HR and peak atrial velocity (A = 0.008 HR — 0.21, with p <0.0001 for 
significance of the linear trend). It is concluded that HR influences Dopp- 
ler patterns of diastolic filling in humans, that early filling velocity is 
unchanged but atrial filling velocities increase as HR is elevated, and that 
for each increase of 10 beats/min in HR, peak atrial filling velocity can be 
expected to increase by 8 cm/s. 


628 

k Effects of the Immunosuppressant Cyclosporine on the 
Circulation of Heart Transplant Recipients 
John P. Scott, Tim W. Higenbottam, John A. Hutter, Stephen Large, and 
John Wallwork 


To determine whether immunosuppressant treatment with cyclosporine 
influences vascular resistance as well as heart rate, we measured pulmo- 
| nary and systemic vascular resistance at rest and after vasodilatation in 34 
heart transplant recipients. A direct linear relation was found between 
systemic and pulmonary vascular resistance and cyclosporine trough 
blood levels, which were negatively related to heart rate. Cyclosporine 
trough blood levels may have a direct effect on systemic vascular resis- 
tance as well as an unexplained chronotropic effect on heart rate. 
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Effects of Exercise Training on Cardiorespiratory Function in 
Men and Women >60 Years of Age 

James A. Blumenthal, Charles F. Emery, David J. Madden, R. Edward 
Coleman, Margaret W. Riddle, Susan Schniebolk, Frederick R. Cobb, 
Martin J. Sullivan, and Michael B. Higginbotham 


This study reports the physiologic effects of up to 14 months of aerobic 
exercise in 101 older (>60 years) men and women. After an extensive 
baseline physiologic assessment (Time 1), in which aerobic capacity and 
blood lipids were measured, subjects were randomized to an aerobic exer- 
cise condition (cycle ergometry 3 times per week for 1 hour), nonaerobic 
yoga (2 times per week for | hour), or a waiting list nonexercise control 
group for 4 months, and then underwent a second assessment (Time 2). At 
the completion of the second assessment, all subjects completed 4 months 
f of aerobic exercise and were reevaluated (Time 3). Subjects were given the 
( option of participating in 6 additional months of supervised aerobic exer- 
k cise, and all subjects completed a fourth assessment (Time 4) 14 months 
FE after their initial baseline evaluation. Results indicated that subjects gen- 
erally exhibited a 10 to 15% improvement in peak oxygen consumption 
after 4 months of aerobic exercise training, but only 1 to 6% improvement 
in aerobic power with additional aerobic exercise training. On the other 
hand, subjects, especially men, continued to show improvements in sub- 
maximal exercise performance (i.e., anaerobic threshold), and increased 
high-density lipoprotein cholesterol. Maintenance of regular aerobic exer- 
cise for an extended time interval is associated with greater cardiovascular 
benefits among older adults than has been reported previously. 








EDITORIAL 


641 
A Plea for Two Actions That Need to be Taken 
Norman M. Kaplan 





BRIEF REPORTS 


| Sa AER Ree I NS T nMOS AUER Va ne ARON IME P 
Is ST Elevation the Only Electrocardicgraphic Response of the 
ischemic Right Ventricle? 

David W. Krueger, Douglass A. Morrison, J. Kern Buckner, Kathleen 
Kelley, and JoAnn Lindenfeld 


GAD ee ane ee a 
Differentiating Anginal Patients with Coronary Artery Disease 
from Those with Normal Coronary Arteries Using 
Psychological Measures 

James H. McCroskery, Robert E. Schell, Robert P. Sprafkin, Larry J. 
Lantinga, Robert A. Warner, and Norma Hill 
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LANOXIN” (oicoxn) TABLETS 


125 pg (0.125 mg) Scored |.D. Imprint Y3B (yellow) 
250 pg (0.25 mg) Scored |.D. Imprint X3A (white) 
500 ug (0.5 mg) Scored |.D. Imprint T9A (green) 


Before using Lanoxin Tablets, the physician should be thoroughly familiar with the basic pharmacology of 
this drug as well as its drug interactions, indications, and usage. 


DESCRIPTION: Lanoxin is digoxin, one of the cardiac (or digitalis) glycosides, a closely related group of drugs having 
in common specific effects on the myocardium. 


INDICATIONS AND USAGE: 
Heart Failure: Theincreased cardiac output resulting from the inotropic action of digoxin ameliorates the disturbances 
characteristic of heart failure (venous congestion, edema, dyspnea, orthopnea and cardiac asthma). 


Digoxin is more effective in “low output’ (pump) failure than in “high output" heart failure secondary to arteriovenous 
fistula, anemia, infection or hyperthyroidism. 

Digoxin is usually continued after failure is controlled, unless some known precipitating factor is corrected. Studies 
have shown, however, that even though hemodynamic effects can be demonstrated in almost all patients, correspond- 
ing improvementin the signs and symptoms of heart failure is not necessarily apparent. Therefore, in patientsinwhom 
digoxin may be difficult to regulate, or in whom the risk of toxicity may be great (e.g. , patients with unstable renal func- 
tion or whose potassium levels tend to fluctuate) a cautious withdrawal of digoxin may be considered. If digoxinis discon- 
tinued, the patient should be regularly monitored for clinical evidence of recurrent heart failure. 


CONTRAINDICATIONS: Digitalis glycosides are contraindicated in ventricular fibrillation. 

Ina given patient, anuntoward effect requiring permanent discontinuation of other digitalis preparations usually con- 
stitutes acontraindication to digoxin. Hypersensitivity to digoxin itself is a contraindication to its use. Allergy to digox- 
in, though rare, does occur. It may not extend to all such preparations, and another digitalis glycoside may be tried 
with caution. 

WARNINGS: Digitalis alone or with other drugs has been used in the treatment of obesity. This use of digoxin or other 
digitalis glycosides is unwarranted. Moreover, since they may cause potentially fatal arrhythmias or other adverse ef- 
tects, the use of these drugs solely for the treatment of obesity is dangerous. 


Anorexia, nausea, vomiting and arrhythmias may accompany heart failure or may be indications of digitalis intoxica- 

tion. Clinical evaluation of the cause of these symptoms should be attempted before further digitalis administration. 

In such circumstances determination of the serum digoxin concentration may be an aid in deciding whether or not 

digitalis toxicity is likely to be present. If the possibility of digitalis intoxication cannot be excluded, cardiac glycosides 

should be temporarily withheld, if permitted by the clinical situation. 

rib with renal insufficiency require smaller than usual maintenance doses of digoxin (see DOSAGE AND ADMINISTRA- 
ION section). 

Heart failure accompanying acute glomerulonephritis requires extreme care in digitalization. Relatively low loading 

and maintenance doses and concomitant use of antihypertensive drugs may be necessary and careful monitoring is 

essential. Digoxin should be discontinued as soon as possible. 

Patients with severe carditis, such as carditis associated with rheumatic fever or viral myocarditis, are especially sen- 

sitive to digoxin-induced disturbances of rhythm. 

Newbornintants display considerable variability in their tolerance to digoxin, Premature and immature infants are par- 

ticularly sensitive, and dosage must not only be reduced but must beindividualized according totheir degree of maturity. 

Note: Digitalis glycosides are an important cause of accidental poisoning in children. 


PRECAUTIONS: 

General: Digoxin toxicity develops more frequently and lasts longer in patients with renal impairment because of the 
decreased excretion of digoxin. Therefore, it should be anticipated that conge requirements will be decreased in pa- 
tients with moderate to severe renal disease (see DOSAGE AND ADMINISTRATION section). Because of the prolonged 
half-life, alonger period of timeis required to achieve an initial or new steady-state concentration in patients with renal 
impairment than in patients with normal renal function. 

In patients with hypokalemia, toxicity may occur despite serum digoxin concentrations within the ‘normal range,” 
because potassium depletion sensitizes the myocardium to digoxin, Therefore, it is desirable to maintain normal serum 
potassium levels in patients being treated with digoxin. Hypokalemia may result from diuretic, amphotericin B or cor- 
ticosteroid therapy, and from dialysis or mechanical suction of gastrointestinal secretions. It may also accompany malnutri- 
tion, diarrhea, prolonged vomiting, old age and long-standing heart failure. In general, rapid changes in serum potassium 
or other electrolytes should be avoided, and intravenous treatment with potassium should be reserved for special cir- 
cumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE section). 
Calcium, particularly when administered rapidly by the intravenous route, may produce serious arrhythmias in digitalized 
patients. Hypercalcemia from any cause predisposes the patient to digitalis toxicity. On theother hand, hypocalcemia 
can nullify the effects of digoxin in man; thus, digoxin may be ineffective until serum calcium is restored to normal. 
These interactions are related to the fact that calcium affects contractility and excitability of the heart in a manner similar 
to digoxin. A; 
Hypomagnesemia may predispose to digitalis toxicity. If low magnesium levels are detected in a patient on digoxin, 
replacement therapy should be instituted. 

Quinidine, verapamil, and amiodarone cause a rise in serum digoxin concentration, with the implication that digitalis 
intoxication may result. This rise appears to be proportional to the dose. The effect is mediated by a reduction in the 
digoxin clearance and, in the case of quinidine, decreased volume of distribution as well. 

Certain antibiotics may increase digoxin eal a in patients who convert digoxin to inactive metabolites in the gut 
(see Pharmacokinetics portion of the CLINICAL PHARMACOLOGY section). Recent studies have shown that specific 
colonic bacteria in the lower gastrointestinal tract convert digoxin to cardioinactive reduction products, thereby reducin 
its bioavailability. Although inactivation of these bacteria by antibiotics is rapid, the serum digoxin concentration will 
rise ata rate consistent with the elimination half-life of digoxin. The magnitude of rise in serum digoxin concentration 
relates to the extent of bacterial inactivation, and may be as much as two-fold in some cases. 

Patients with acute myocardial infarction or severe pulmonary disease may be unusually sensitive to digoxin-induced 
disturbances of rhythm. 

Atrial arrhythmias associated with hypermetabolic states (e.g. hyperthyroidism) are particularly resistant to digoxin 
treatment. Large doses of digoxin are not recommended as the only treatment of these arrhythmias and care must be 
taken to avoid toxicity if large doses of digoxin are required. In hypothyroidism, the digoxin requirements are reduced. 
Digoxin responses in patients with compensated thyroid disease are normal. 

Reduction of digoxin dosage may be desirable prior to electrical cardioversion to avoid induction of ventricular arrhythmias, 
but the physician must consider the consequences of rapid increase in ventricular response to atrial fibrillation if digoxin 
is withheld 1 to 2 days prior to cardioversion. If there is a Suspicion that digitalis toxicity exists, elective cardioversion 
should be delayed. If itis not prudent to delay cardioversion, the energy level selected should be minimal at first and 
carefully increased in an attempt to avoid precipitating ventricular arrhythmias. 

Incomplete AV block, especially in patients with Stokes-Adams attacks, may progress to advanced or complete heart 
block if digoxin is given. 

n epn meee with sinus node disease (i.e. Sick Sinus Syndrome), digoxin may worsen sinus bradycardia or sino- 
atrial block. 

In patients with Wolff-Parkinson-White Syndrome and atrial fibrillation, digoxin can enhance transmission of impulses 
through the accessory pathway. This effect may result in extremely rapid ventricular rates and even ventricular fibrillation. 
Digoxin may worsen the outflow obstruction in patients with idiopathic hypertrophic subaortic stenosis (IHSS). Unless 
cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Patients with chronic constrictive pericarditis may fail to respond to digoxin. In addition, slowing of the heart rate by 
digoxin in some patients may further decrease Cardiac output. 

itp nk heart failure from amyloid heart disease or constrictive cardiomyopathies respond poorly to treatment 
w goxin. 

Digoxin is not indicated tor the treatment of sinus tachycardia unless it is associated with heart failure. 

Digoxin may produce false positive ST-T changes in the electrocardiogram during exercise testing. 


intramuscular injection of digoxin is extremely paintul and offers no advantages unless other routes of administration 
are contraindicated. 


Laboratory Tests: Patients receiving digoxin should have their serum electrolytes and renal function (BUN and/or serum 
oe) assessed periodically; the frequency of assessments will depend on the clinical setting. For discussion 
of serum digoxin concentrations, see DOSAGE AND ADMINISTRATION section in the complete prescribing information. 
Drug Interactions: Potassium-depleting corticosteroids and diuretics may be major ponents factors to digitalis 
toxicity, Calcium, particularly if administered rapidly by the intravenous route, may produce serious arrhythmias in 
digitalized patients. Quinidine, verapamil, and amiodarone cause a rise in serum digoxin concentration, with the im- 
plication that digitalis intoxication may result. Certain antibiotics increase digoxin absorption in patients who inac- 
tivate digoxin by bacterial metabolism in the lower intestine, so that digitalis intoxication may result. Propantheline 
and diphenoxylate, by decreasing gut motility, may increase digoxin absorption. Antacids, kaolin-pectin, sulfasalazine, 
neomycin, cholestyramine and certain rage arb Sea may interfere with intestinal digoxin absorption, resulting in 
unexpectedly low serum concentrations. There have been inconsistent reports regarding the effects of other drugs 
on the serum digoxin concentration. Thyroid administration to a digitalized, hypothyroid patient may increase the dose 
requirement of digoxin. Concomitant use of digoxin and sympathomimetics increases the risk of cardiac arrhythmias 
because both enhance ectopic pacemaker activity. Succinylcholine may cause a sudden extrusion of potassium from 
muscle cells, and may thereby cause arrhythmias in digitalized patients. Although 2 adrenergic blockers or calcium 
channel blockers and digoxin may be useful in combination to contro! atrial fibrillation, their additive effects on AV node 
conduction can result in complete heart block. 

Due to the considerable variability of these interactions, digoxin dosage should be carefully individualized when pa- 
tients receive coadministered medications. Furthermore, caution should be exercised when combining digoxin with 
any drug that may cause a significant deterioration in renal function, since this may impair the excretion of digoxin. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: There have been no long-term studies performed in animals 
to evaluate carcinogenic potential. 

Pregnancy: Teratogenic Effects: Pregnancy Category C. Animal reproduction studies have not been conducted with 
gonn: itis also not known whether digoxin can cause fetal harm when administered to a pregnant woman or can 
affect reproduction capacity. Digoxin should be given to a pregnant woman only if clearly needed. 

Nursing Mothers: Studies have shown that digoxin concentrations in the mother's serum and milk are similar. Howev- 
er, the estimated daily dose to a nursing infant will be far below the usual infant maintenance dose. Therefore, this 


amount should have no pharmacologic effect upon the infant. Nevertheless, caution should be exercised when digox- — 


in is administered to a nursing woman. 


ADVERSE REACTIONS: The frequency and severity of adverse reactions to digoxin depend on the dose and route of 
administration, as well as on the patient's rape disease or concomitant therapies (see PRECAUTIONS section 
and Serum Digoxin Concentrations subsection of DO 

reactions has been reported as 5 to 20%, with 15 to 20% of them being considered serious (one to four percent of pa- 
tients receiving digoxin). Evidence suggests that the incidence of toxicit 


AGE AND ADMINISTRATION). The overall incidence of adverse — 


has decreased since the introduction ofthe 
serum digoxin assay and improved standardization of digoxin tablets. Cardiac toxicity accounts for about one-half, 


gastrointestinal disturbances for about one-fourth, and CNS and other toxicity for about one-fourth of these adverse 


reactions. 

Adults: rt Pee ee 
Cardiac—Unitocal or multiform ventricular premature contractions, especially in bigeminal or trigeminal patterns, are 
the most common arrhythmias associated with digoxin toxicity in adults with heart disease. 


Ventricular tachycardia may result from digitalis toxicity. Atrioventricular (AV) dissociation, accelerated junctional (nodal) ; 


rhythm and atrial tachycardia with block are also common arrhythmias caused by digoxin overdosage. 

Excessive slowing of the pulse is a clinical sign of digoxin overdosage. AV block (Wenckebach) of increasing degree 
may proceed to complete heart block. 

Note: The electrocardiogram is fundamental in determining the presence and nature of these cardiac disturbances. 
peg may also induce other changes in the ECG (e.g. PR prolongation, ST depression), which represent digoxin 
effect and may or may not be associated with digitalis toxicity. 

Gastrointestinal—Anorexia, nausea, vomiting and less commonly diarrhea are common early symptoms of overdosage. 
However, uncontrolled heart failure may also produce such symptoms. Digitalis toxicity very rarely may cause abdominal 
pain and hemorrhagic necrosis of the intestines. 

CNS—Visual disturbances (blurred or yellow vision), headache, weakness, dizziness, apathy and psychosis can occur. 
Other—Gynecomastia is occasionally observed. Maculopapular rash or other skin reactions are rarely observed. 
infants and Children: Toxicity differs from the adult in a number of respects. Anorexia, nausea, vomiting, diarrhea 
and CNS disturbances may be present but are rare as initial symptoms in infants. Cardiac arrhythmias are more reliable 
signs of toxicity. Digoxin in children may produce any arrhythmia. The most commonly encountered are conduction 


disturbances or supraventricular tachyarrhythmias, such as atrial tachycardia with or without block, and junctional - 
(nodal) tachycardia. Ventricular arrhythmias are less common. Sinus bradycardia may also be a sign of impending | 


digoxin intoxication, especially inintants, even in the absence of first degree heart block. Any arrhythmia or alteration 


in cardiac conduction that develops ina child taking digoxin should initially be assumed to be aconsequence of digox- — 


in intoxication. 


OVERDOSAGE: 
Treatment of Arrhythmias Produced by Overdosage: 


Adults: Digoxin should be discontinued until all signs of toxicity are gone. Discontinuation may be allthatis necessary — 


if toxic manifestations are not severe and appear only near the expected time for maximum effect of the drug. 


Correction of factors that may contribute to toxicity such as electrolyte disturbances, hypoxia, acid-base disturbances l 


and removal of aggravating agents such as catecholamines, should also be considered. Potassium salts may be in- 
dicated, particularly if hypokalemia is present. Potassium administration ma 
digitalis overdosage (see Massive Digitalis Overdosage subsection below). 
totaling 3 to 6 grams of the salt (40 to 80 mEq K+) for adults may be given provided renal function is adequate (see 
below for potassium recommendations in Infants and Children). 

When correction of the arrhythmia is urgent and the serum 


be administered intravenously in 5% dextrose injection. For adults, a total of 40 to 80 mEq (diluted to a concentration 


be dangerous in the setting of massive 
tassium chloride in divided oral doses — 


tassium concentration is low or normal, potassium should 


of 40 mEq per 500 mL) may be given at a rate not exceeding 20 mEq per hour, or slower if limited by pain due to local _ 

irritation. Additional amounts may be given if the arrhythmia is uncontrolled and potassium well-tolerated. ECG monitoring — 

should be performed to watch for any evidence of potassium ayer peaking of T waves) andtoobservetheetfect - 
e 


on the arrhythmia. The infusion may be stopped when the desired effect is achieved. 

Note: Potassium should not be used and may be dangerous in heart block due to digoxin, unless primarily related to 
supraventricular tachycardia. 

Other agents that have been used for the treatment of digoxin intoxication include lidocaine, procainamide, propranolol 
and phenytoin, although use of the latter must be considered experimental. In advanced heart block, atropine and/or 
temporary ventricular pacing may be beneficial. Digibind®, Digoxin Immune Fab (Ovine), can be used to reverse potentially 
life-threatening digoxin (or digitoxin) intoxication. Improvement in signs and symptoms of digitalis toxicity rein 
begins within Y hour of Digibind administration. Each 40 mg vial of Digibind will neutralize 0.6 mg of digoxin (whic 
is a usual body store of an adequately digitalized 70 kg patient). 

Infants and Children: See Adult section for general recommendations for the treatment of arrhythmias produced by 
overdosage and for cautions regarding the use of potassium. 

If a potassium preparation is used to treat toxicity, it may be given orally in divided doses totaling 1 to 1.5 mEq K+ 
per kilogram (kg) body weight (1 gram of potassium chloride contains 13.4 mEq K+). 

When correction of the arrhythmia with potassium is urgent, approximately 0.5 mEq/kg of potassium per hour may 
be given intravenously, with careful ECG monitoring. The intravenous solution of potassium should be dilute enough 
to avoid local irritation; however, especially in infants, care must be taken to avoid intravenous fluid overload. 


DOSAGE AND ADMINISTRATION: Recommended d are average values that may require considerable modification 

because of individual sensitivity or associated conditions. Diminished renal function is the most important factor re- 

quiring modification of recommended doses. 

In deciding the dose of digoxin, several factors must be considered: 

1. The disease being treated. Atrial arrhythmias may require larger doses than heart failure. 

2. The body weight of the patient. Doses should be calculated based upon lean or ideal body weight. 

3. The patient's renal function, preferably evaluated on the basis of creatinine clearance. 

4. Age is an important factor in infants and children. 

5. Concomitant disease states, drugs or other factors likely to alter the expected clinical response to digoxin (see PRECAU- 
TIONS and Drug Interactions sections). 


Consult complete product information betore prescribing. 
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Hall V, Lakier JB, Goldstein S. Comparative hemodynamic and neurohormonal effects of intravenous captopril and 


digoxin and their combinations in patients with severe heart failure. J Am Coll Cardiol. 1989;13:134-142. 5. Arnold 
SB, Byrd RC, Meister W, et al. Long-term digitalis therapy neoe left ventricular function in heart failure. N Eng/ J 
Med. 1980:303:1443-1448. 6. Alicandri C, Fariello R, Boni E, Zaninelli A, Muiesan G. Comparison of captopril and 
digoxin in mild to moderate heart failure. Postgrad Med J. 1986;62(supp! 1):170-175. 
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Early Beneficial Effect of Streptokinase on 
Left Ventricular Function in Acute 
Myocardial Infarction 


Florence H. Sheehan, MD, Claude Thery, MD, Philippe Durand, MD, Michel E. Bertrand, MD, 
and Edward L. Bolson, MS 


The effect of intravenous streptokinase therapy on 


the time course of functional recovery was investi- 
gated in a controlled study of 64 patients random- 
ized within 3 hours after the onset of acute myo- 
cardial infarction (AMI). Contrast ventriculography 
was performed 1 to 4 days after AMI and repeated 
5 weeks later. Wall motion was analyzed by the 
centerline method in the central infarct, peripheral 
infarct and noninfarct regions. In patients with ven- 
triculographic data at the early catheterization, 
streptokinase-treated patients had less severe hy- 
pokinesia in the central infarct region than control 
patients (—2.9 + 0.9 [n = 29] vs —3.4 + 0.7 stan- 
dard deviations below normal [n = 21], p <0.05). 
The benefit of streptokinase was more marked in 
the peripheral infarct region (—1.5 + 0.7 vs —2.1 + 
0.6, p <0.001). As a result, the ejection fraction 
was slightly higher in treated versus control groups 
(46 + 10 vs 43 + 7%, respectively; difference not 
significant). At 5 weeks, function in the streptoki- 
nase and control groups had diverged further be- 
cause of continued improvement in the streptoki- 
nase-treated patients. 

This study shows that streptokinase benefits left 
ventricular (LV) function by 1 to 4 days after AMI, 
earlier than previously reported. The benefit was 
not limited to the peripheral infarct region, where 
ischemia might have been less severe, but was also 
seen in the central infarct region. The implication is 
that thrombolytic therapy can improve LV function 
during the period of myocardial stunning, while 
myocardial function is still recovering. 

(Am J Cardiol 1991;67:555-—558) 
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riods of coronary artery occlusion is attended by 

protracted left ventricular (LV) dysfunction in the 
ischemic region.' Recovery is seen earlier in the periph- 
eral infarct region, where ischemia is less severe, than in 
the central infarct region. Clinical data on the time 
course of functional recovery are limited. In patients 
treated with thrombolytic therapy within 6 to 8 hours 
after symptom onset, wall motion in the infarct region 
begins to recover 3 to 5 days after acute myocardial 
infarction (AMI).*° 

Thrombolytic therapy has been shown to benefit LV 
function by the time of hospital discharge. Whether it 
can shorten the period of “stunning” and accelerate 
functional recovery is less well studied. Two studies 
have associated thrombolytic therapy with a significant- 
ly higher ejection fraction <1 week after AMI’ A 
third, the Lille streptokinase study, found no significant 
difference in ejection fraction between treated and con- 
trol patients when measured | to 4 days after onset of 
AMI, but treated patients with anterior infarcts had 
better wall motion.’ The present analysis of the Lille 
data was undertaken to define the nature of this early 
benefit to regional LV function, particularly in the 
peripheral infarct region, where the earliest recovery 
might occur. 


|: experimental studies, reperfusion after even brief pe- 


METHODS 

Patients: The study comprised 64 patients with 
chest pain typical of AMI who could be randomized <3 
hours after symptom onset, were <75 years old, lacked 
a prior AMI, had =2 mm ST-segment elevation on the 
admission electrocardiogram, and had no contraindica- 
tion to streptokinase therapy.’ 

Treatment protocol: Standard medical care in the 
cardiac care unit was comparable in the 2 groups. 
Those randomized to treatment received 5,000 IU of 
heparin intravenously, 50 mg of hydrocortisone and 0.5 
g of acetylsalicylic acid, 1.5 million IU of streptokinase 
over 60 minutes, and then 10,000 IU of heparin. After 
24 hours, the heparin dose was regulated to elevate the 
partial thromboplastin time to 2 to 3 times control. 
Those with a severe residual stenosis underwent angio- 
plasty; coronary bypass surgery was performed for left 





main coronary artery stenosis. Control patients received 
low-dose heparin for 3 days. 

Cardiac catheterization was performed on the first 
weekday after admission (mean 1.5 days, range | to 4) 
and again 5 weeks after AMI. Contrast ventriculog- 
raphy was recorded in the 30° right anterior oblique 
projection. The cine films were analyzed at the Univer- 
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FIGURE 1. Centerline method of wall motion analysis. A, cen- 
terline is constructed midway between the end-diastolic and 
end-systolic endocardial contours. Motion is measured along 
100 chords constructed perpendicular to the centerline. B, 
motion at each chord is normalized by the end-diastolic perim- 
eter length to yield a shortening fraction. The patient’s motion 
is plotted (solid line) in comparison with the mean motion + 1 
standard deviation measured in a normal population (dashed 
lines). C, the patient’s wall motion is plotted in units of stan- 
dard deviations from the normal mean (dashed line). Wall mo- 
tion abnormality in the central infarct, peripheral infarct and 
noninfarct regions is calculated by averaging the motion of 
chords lying within these regions. See Methods for region de- 
scription. 
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sity of Washington. Infarct artery patency was defined 
as flow grade 2 or 3 by Thrombolysis in Myocardial 
Infarction trial criteria.'° Volume was calculated using 
the area-length method. Wall motion was measured by 
the centerline method’! (Figure 1) in the central infarct, 
noninfarct and peripheral infarct regions,® without 
knowledge of treatment allocation, and expressed in 
units of standard deviations below normal, as defined in 
52 normal patients. 

Statistical analysis: Treatment groups were com- 
pared using the ¢ test for continuous variables and chi- 
square for proportions. Change in function between the 
2 studies was assessed with the paired f test. 


RESULTS 

Patients: Early cardiac catheterization was per- 
formed in 33 streptokinase-treated (2 patients died) and 
24 control patients (1 died, 4 refused). LV function data 
were available in 29 treated and 21 control patients (1 
film was unretrievable; 5 were rejected). These groups 
were comparable in coronary pathology (Table I). In- 
farct artery patency was higher in treated patients (86 
vs 29%, p <0.001). Ventriculographic data at 5 weeks 
were available in 25 treated and 15 control patients; 
early and late function could be compared in 22 treated 
and 12 control patients. 

Data analysis: Ejection fraction values in Seattle 
were lower (54 + 12%) than reported from Lille (48 + 
10%, p <0.001) because of a difference between the 2 
laboratories in measuring end-diastolic volume (108 + 
27 vs 99 + 23 ml, respectively; p <0.02) but not end- 
systolic volume (52 + 22 vs 52 + 17 ml, respectively; 
difference not significant). The ejection fractions corre- 
lated closely (r = 0.81), and differences between treat- 
ment groups were statistically similar for Lille and Se- 
attle data. The Seattle wall motion data and ejection 
fractions are reported here. 

Ventricular function at early study (Table Il): As 
previously reported, the global ejection fraction was 
slightly higher in treated than in control patients. Strep- 
tokinase benefited wall motion more significantly in the 


TABLE I Baseline Characteristics by Treatment Group in 
Patients with Ventriculographic Data from the Early Cardiac 
Catheterization 


Streptokinase Control pValue 


Number of patients 32 24 
Age (yr) 5547 54+10 
Male /female 29/3 23/1 
Time from symptom onset to 2440.6 — 
treatment (hrs) 
Time to first catheterization (hrs) 42+19 41425 
Infarct-reiated coronary artery (%) 
Left anterior descending 13 (41) 10 (42) 
Right 16 (50) 9 (37) 
Left cireumflex 3(9) 5 (21) 
Number of coronary arteries 
narrowed >50% in diameter (%) 
27 (84) 15 (63) 
4(13) 8(33) NS 
1 (3) 1 (4) 


NS = difference not significant. 
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peripheral than in the central infarct region (Figure 2). 
Similar differences between treated and control patients 
were seen in subgroups with an anterior or inferior 
AMI, but were significant only in the latter (Figure 3). 

Ventricular function at five weeks after infarction: 
As previously reported, the ejection fraction in strepto- 
kinase-treated patients was significantly higher at 5 
weeks (Table II). The benefit of treatment on wall mo- 
tion was also more marked at this time than | to 4 days 
after AMI. Comparison of early and late studies in 
streptokinase-treated patients showed significant im- 
provement in regional and global function. LV function 
did not change in control patients, except for a decline 
in the noninfarct region. 


DISCUSSION 

The present study demonstrates that streptokinase 
can benefit function at a time when the myocardium is 
believed to be stunned.! Indeed, serial studies in humans 
suggest that recovery is delayed for 23 days after reper- 


Study 1 (1 to 4 days) 
Central infarct region 
(SD /chord) 
Peripheral infarct region 
(SD /chord) 
Noninfarct region 
(SD/chord) 
Global ejection fraction (%) 46+10 4347 
Number of patients 29 21 
Study 2 (5 weeks) 
Central infarct region 
(SD/chord) 
Peripheral infarct region 
(SD/chord) 
Noninfarct region 
(SD/chord) 
Global ejection fraction (%) 49+10 40+11 
Number of patients 25 15 


NS = difference not significant; SD = standard deviations from the normal mean. 
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FIGURE 2. Comparison of regional and global left ventricular 

function 1 to 4 days after acute myocardial infarction in strep- 
tokinase-treated or control patients. EF = ejection fraction; NS 
= not significant; SD = standard deviation. 
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fusion. The early beneficial effect observed in the 
present study probably reflects the alacrity with which 
streptokinase was administered. In experimental studies, 
functional recovery is delayed longer if coronary occlu- 
sion is prolonged.* In all 3 clinical trials reporting an 
early functional benefit, the thrombolytic agent was giv- 
en early. In the Dutch study, streptokinase was adminis- 
tered at a mean of 3.2 hours: The ejection fraction at 2 
to 4 days was significantly higher than in control pa- 
tients.’ In the controlled study of Maublant et al,ë ani- 
streplase given at 3.1 hours resulted in a higher ejection 
fraction at 2 to 7 days (mean 4). In the present study, 
streptokinase was given even earlier, at 2.5 hours, and 
the benefit was seen at 1 to 4 days. Without serial stud- 
ies, it is impossible to pinpoint when the treated and 
control patients’ function diverged in any of these stud- 
ies. However, the present study reports the earliest time 
(mean 1.5 days) that thrombolytic therapy has been 
found to benefit function, except for the report of Ren- 
trop et al!? of immediate improvement after reperfu- 
sion, which others were unable to confirm. !> 

In the present study? and in that of Maublant et al,® 
angioplasty was performed after the end point catheter- 
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FIGURE 3. Left ventricular function at 1 to 4 days after acute 
myocardial infarction in streptokinase-treated and control pa- 
tients, subgrouped by location of infarct either anteriorly (top) 
or inferiorly (bottom). Abbreviations as in Figure 2. 
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ization. In the Dutch study,’ angioplasty was performed 
before measuring LV function in only 11% of the pa- 
tients. Therefore, it is unlikely that angioplasty contrib- 
uted to the early functional benefit observed in these 
studies. 

The hypothesis underlying thrombolytic therapy 
is that reperfusion salvages myocardial function and 
thereby enhances survival. This has been questioned re- 
cently, in light of data showing that: (1) plasminogen 
activator therapy benefited survival but not function,'4 
and (2) treatment with streptokinase increased survival 
even when administered too late to salvage function.!> 
Some investigators have suggested that thrombolysis 
may benefit survival by moderating LV dilatation and 
remodeling. !6 

The results of the present analysis suggest yet anoth- 
er avenue of benefit: salvage of LY function during the 
first 1 to 4 days after AMI, when mortality is highest.!’ 
Survival curves from clinical trials show that thrombo- 
lytic therapy exerts its greatest effect early after infarc- 
tion.’:'4!8 This observation is difficult to reconcile with 
the belief that functional recovery is delayed. However, 
the present results indicate that this delay can be short- 
ened, and stunning partially reversed, by expeditious ad- 
ministration of streptokinase, particularly in the periph- 
eral infarct region. Although larger studies are needed 
to confirm the relation between early improvement in 
LV function and survival, this mechanism is supported 
by the Aachen streptokinase study,° which showed that 
the beneficial effect of reperfusion on LV function 
achieved by 3 days after AMI correlated highly with 
subsequent survival. 
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APPENDIX 
Improved Version of the Centerline Wall Motion 
Program 

Since the description published in 1986,'! a number of im- 
provements have been implemented. 

1. The traced borders are smoothed over 30 (not 20) points 
on each side of the given point. 

2. After each perpendicular to the smoothed end-diastolic 
contour is constructed, its intersection with the end-systolic 
contour is sought. This search is limited to no more than '/s of 
the border (formerly '/s), beginning with the last intersection 
found. 

3. Three iterations (not 2) are made in constructing the 
centerline. The second proceeds counterclockwise. 

4. In the previous program, no perpendicular was allowed to 
“cross over” the previous perpendicular. In the improved ver- 
sion, crossovers are allowed on the iterations in constructing the 
centerline, and forbidden only from the final centerline. 

5. All calculations are performed in floating point (not inte- 
ger). This improves accuracy primarily for frame-by-frame 
analysis of wall motion. 

6. An error-checking mechanism is built into the program. 
After the 100 chords are derived from the final centerline, the 
distance between each adjacent pair is calculated. If 2 chords 
are further apart than '/io of the contour, or if the number of 
missed intersections is excessive, then the program will vary (a) 
the number of points smoothed in the first step, (b) the number 
of iteratiens used to construct the centerline, or (c) the minimal 
distance between adjacent chords, as needed to correct the 
centerline, or both (b) and (c), or crossovers may be forbidden 
from all centerline calculations. 
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Effects of Nisoldipine on Myocardial Ischemia 
During Exercise and During Daily Activity 
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The antiischemic properties of nisoldipine, a dihy- 
dropyridine calcium antagonist, were assessed in a 
multicenter, double-blind, placebo-controlled trial 
by repeated exercise testing and 72-hour ambula- 
tory electrocardiographic monitoring in 82 patients 
with coronary artery disease. Patients with positive 
treadmill stress test results and 22 ischemic epi- 
sodes per 24 hours were included in this study. Ad- 
ministration of all chronic antiischemic medications 
except 6 blockers were discontinued. During the 
first week all patients received placebo twice daily. 
During the second and third weeks, 41 patients re- 
ceived nisoldipine 10 mg and 41 patients received 
placebo twice daily. In the placebo group there 
were no changes in exercise parameters or in am- 
bulatory electrocardiographic parameters. In the 
nisoldipine group, exercise duration increased from 
403 to 448 seconds (p = 0.0035), time to 1 mm of 
ST depression increased from 224 to 298 seconds 
(p = 0.002), time to pain increased from 241 to 
321 seconds (p = 0.01), and maximal ST depres- 
sion was reduced from 2.6 to 2.3 mm (p = 0.002). 
Among the ambulatory electrocardiographic pa- 
rameters in the nisoldipine group, only the number 
of episodes was reduced, from 14.4 to 11.6 (p = 
0.0013) per patient. There was no significant re- 
duction in total ischemic time (132 vs 120 minutes 
per patient). No significant side effects were ob- 
served. 

This is the largest clinical trial to date on the ef- 
fects of nisoldipine on myocardial ischemia. The re- 
sults indicate that nisoldipine was effective in im- 
proving all exercise parameters and only partially 
effective in suppressing ischemia during daily ac- 
tivity. 

(Am J Cardiol 1991;67:559-—564) 
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isoldipine is a dihydropyridine calcium entry 
JN toxine drug with a chemical structure similar 

to nifedipine.!? Nisoldipine is well absorbed 
and after a single oral dose maximal plasma concentra- 
tion is reached within 1.5 hours.’ It has a slower onset 
of action and a longer duration than nifedipine.* Like 
all other dihydropyridine calcium antagonists its major 
effects consist of peripheral and coronary vasodilatation 
that produce improvement in myocardial oxygen supply 
relative to demand.°-° These effects occur without clini- 
cal depression of myocardial contractility or delay in 
electrical conduction. Nisoldipine is a potent antihyper- 
tensive agent’* that can be used once or twice daily. In 
a limited number of clinical trials, nisoldipine has been 
shown to be effective and relatively well tolerated in pa- 
tients with stable angina pectoris’-'* or with congestive 
heart failure.'? 

This study assesses the antiischemic effects of ni- 
soldipine in a relatively large number of stable patients 
with proven coronary artery disease, using repeated 
exercise testing and ambulatory electrocardiographic 
monitoring in a double-blind, placebo-controlled 
manner. 


METHODS 

Population and study protocol: Patients with known 
coronary artery disease and positive treadmill stress test 
results were considered candidates for this study in 4 
medical centers in Israel. 

The diagnosis of coronary artery disease was based 
on =1 of the following criteria: a documented previous 
myocardial infarction, angiographic evidence of signifi- 
cant coronary artery stenosis (>70% diameter narrow- 
ing in at least 1 major coronary artery), or typical histo- 
ry of effort-induced angina, or any combination of 
these. Prior therapy with oral nitrates, calcium entry 
blockers, digitalis and angiotensin-converting enzyme 
inhibitors were discontinued. Therapy with sublingual 
nitrates was allowed, and 6-blocking agents in a con- 
stant dose were continued at the discretion of the pa- 
tient’s personal physician. To enter the study, patients 
had to have a positive treadmill stress test result (21.5 
mm horizontal ST depression) and 22 silent ischemic 
episodes on ambulatory 24-hour Holter monitoring dur- 
ing the screening phase. Patients were excluded from 
the study if they had unstable angina, recent myocardial 
infarction (<3 months), clinical signs of congestive 
heart failure, or had balloon angioplasty or coronary by- 
pass surgery within 3 months. Patients with the follow- 


RATES 


aAa Pid 
~ Ohma 


TR R E EET ea De eee ee 


TABLE I Baseline Characteristics of 41 Patients in the 
Placebo and Nisoldipine Groups 


Characteristic 


Age 

Male gender 
Typical angina 
Anginal frequency" 
Diabetes 
Hypertension 

Prior angiography 
Multivessel disease 
Prior infarct 

Prior angioplasty 
Prior bypass surgery 
Beta blocker use 


Placebo 


(n= 41)(%) 


61 (9) 
37 (90) 
41 (100) 
6.4 (1) 
5 (12) 
4(10) 
20 (50) 
14(70) 
17 (41) 
2 (5) 
5 (12) 
18 (44) 


Nisoldipine 
(n=41)(%) 


62 (7) 
33 (80) 
38 (93) 
7.1(1) 
5 (12) 
8 (19) 
16 (39) 
13 (81) 
16 (39) 
2 (5) 
2 (5) 
21 (51) 


p Value* 





* Paired ttest. 

’ Episodes per week. 

All values in brackets are percentages except for age, which is mean + standard 
deviation. Frequency of angina is mean + standard error of the mean. 

NS = not significant. 


ing characteristics were also excluded: uncontrolled se- 
vere hypertension, systolic blood pressure <90 mm Hg, 
significant valvular or myocardial disease, left bundle 
branch block, and significant ST-T abnormalities on the 
resting electrocardiogram; those unable to perform re- 
peated exercise tests or those who were inactive were 
also excluded. 

After the screening phase the patients were random- 
ized in blinded manner to 2 treatment groups (nisoldi- 
pine 10 mg twice daily or placebo twice daily). During 
the first week the 2 groups received placebo twice daily. 
At the end of this week all had a treadmill stress test 
and 72-hour ambulatory electrocardiographic monitor- 
ing. During the second and third weeks, 41 patients re- 
ceived nisoldipine 10 mg and 41 placebo twice daily. At 
the end of this treatment period, treadmill stress test 
and 72-hour ambulatory electrocardiographic monitor- 
ing were repeated. 

Eight patients withdrew from the study. Thus, 82 of 
the 90 patients who entered the study completed it. Two 
patients who withdrew during the placebo run-in period 
had worsening of their angina. Three of the 6 patients 
who withdrew during the “treatment” period belonged 
to the placebo group: 1 sustained an acute non-Q-wave 
myocardial infarction, 1 had coronary bypass surgery 
and 1 developed leg erysipelas. Three patients in the 
nisoldipine group withdrew: 1 had severe symptomatic 
hypotension, 1 had increasing chest pain and 1 refused 
to continue the study. Two additional patients, | in the 
placebo and 1 in the nisoldipine group, complained of 
dizziness which was not severe and they completed the 
study. No patient developed leg edema. 

Treadmill stress test: Maximal treadmill stress test- 
ing was performed according to the Bruce protocol 2 
hours after the morning medication was administered. 
Leads II, V} and Vs were continuously monitored and 
every minute a rhythm strip of these leads was printed. 
At the end of each stage (every 3 minutes), a 12-lead 
electrocardiogram and blood pressure were recorded. 
The exercise test was terminated if (1) moderate to se- 
vere chest pain developed, (2) >3 mm of ST depression 
was observed, (3) >20 mm Hg decrease in systolic 
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blood pressure occurred, (4) complex ventricular ar- 
rhythmias were observed, or (5) the patient attained 
target heart rate. 

Holter monitoring: Ambulatory electrocardiographic 
monitoring was performed using ACS reel-to-reel AM ~ 
2-channel recorders. The electrodes were placed in 
the V3- and Vs-like position.'4 All magnetic tapes were 
digitized and analyzed at Bikur Cholim Hospital on the 
Cardiodata Prodigy System, using version 7.07 of the 
ST analysis software. 

An ischemic episode was defined as transient depres- 
sion (horizontal or downsloping) of ST segment of 21 
mm, which lasted for at least 1 minute and after which 
a return to baseline was observed. 

Analysis of the ST segment was performed in both 
channels in a semiautomatic-interactive method. The 
technician had to decide on 2 points: the isoelectric line 
at the PR interval and the J point. The system deter- 
mined the ST slope by measuring the level of the ST 
segment 60 ms after the J point. For each episode, elec- 
trocardiographic samples were printed out in real time 2 
minutes before onset of ST depression, at the onset of 
ischemia (1 mm of ST depression), at maximal ST de- 
pression, at maximal heart rate and on return of the ST 
segment to the isoelectric line. Each episode was visual- 
ly verified by the technician and the physician both 
from the ST trend and from the real printouts. The ST 
changes during the whole monitoring period were plot- 
ted in the 2-channel ST-trend histograms. A heart rate 
trend was plotted under the ST trend, enabling accurate 
determination of heart rate before and during the isch- 
emic episodes. 

For each ischemic episode the following parameters 
were measured: the time of occurrence, the duration in 
minutes, the heart rate at 1 mm of ST depression, the 
maximal heart rate and the maximal ST depression. 

Statistical analysis: Selected clinical, exercise test- 
ing and Holter monitoring variables recorded during the 
placebo run-in period and during the treatment period 
were compared within each group (placebo and nisoldi- 
pine) using the Student’s paired r test. All comparisons 
were repeated using the Mann-Whitney test. Analysis 
of variance was used to compare the response of the 
placebo group to that of the nisoldipine group. In this 
analysis the value of each variable of interest during the 
treatment period served as the dependent response vari- 
able, whereas the predictor variables included the value 
of each variable during the placebo run-in period, the 
treatment assignment (placebo or nisoldipine), concomi- 
tant 6-blocker therapy (during both periods) age, gen- 
der and a prior infarction. A p value <0.05 was consid- 
ered statistically significant. 


RESULTS 

Of the 82 patients who completed the study, 70 
(85%) were men, 33 (40%) had prior myocardial infarc- 
tion and 39 (47%) were taking 8 blockers. Forty-one 
patients were randomly allocated to the placebo group 
and 41 to the nisoldipine group. The baseline character- 
istics of the 2 groups were similar (Table I). The effects 
of placebo on clinical variables are listed in Table II. 
There were no differences between the 2 placebo peri- 
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ods in resting systolic and diastolic blood pressure, and 
no difference in heart rate. However, anginal frequency 
was reduced from 5.0 to 3.3 episodes per week, and ni- 
troglycerin consumption from 3.0 to 2.1 tablets per 
week. 

In the nisoldipine group (Table II) there was a sig- 
nificant increase in resting heart rate and a decrease in 
systolic and diastolic blood pressure. Anginal frequency 
was reduced from 5.5 to 3.1 episodes per week and ni- 
troglycerin consumption from 3.4 to 1.8 tablets per 
week. 

Exercise test results: Table II] compares the exer- 
cise test variables in the first and the second study peri- 
ods in the placebo and nisoldipine groups. In the place- 
bo group, none of the exercise variables significantly 
changed. In the nisoldipine group, there was a signifi- 
cant increase in exercise duration (from 403 to 448 sec- 
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onds, 11% increase), in time to 1 mm of ST depression 
(from 224 to 298 seconds, 33% increase), and in time to 
anginal pain (from 241 to 321 seconds, 33% increase). 
There was also a significant reduction in the maximal 
degree of ST depression and a trend to an increase in 
the ischemic threshold, from 112 to 116 beats/min (p = 
0.07). In 3 of the patients, the exercise test response 
became normal with nisoldipine therapy. In addition, 
the maximal heart rate achieved increased significant- 
ly and the maximal systolic ard diastolic blood pres- 
sure decreased, while there was no change in pressure- 
rate product at maximal exercise or at 1 mm of ST de- 
pression. | 

The response in exercise variables was compared be- 
tween the treatment and the placebo groups using the 
analysis of variance technique after adjustment for 
the placebo run-in measurement, concomitant 6-blocker 


TABLE Ill Effects of Placebo and Nisoldipine on Baseline Clinical Parameters 


Placebo (n = 41) 


Treat. 


70 (13) 


Variable Run-in 


Resting HR 0.87 
(beats/min) 
Resting 
systolic BP 
(mm Hg) 
Resting 
diastolic BP 
(mm Hg) 
Angina 
(frequency /week) 
Nitroglycerin 
(consumption /week) 


70(11) 


131 (21) 129 (18) 0.38 


81 (11) 79 (10) 0.22 


5 (1) 3.3 (1) 


3 (0.8) 2.2 (0.9) 


p Value 


0.0025 


0.016 


Nisoldipine (n = 41) p Value for 


Placebo 
vs Nisoldipine 


Run-in Treat. 


68 (12) 73 (13) 


127 (17) 117 (16) 


78 (10) 73 (10) 


5.5 (0.9) 3.1 (0.7) 


3.4 (0.8) 1.8 (0.5) 


All values are expressed as mean + standard deviation except for frequency of angina and nitroglycerin consumption, which are expressed as mean + standard error of the mean. 


BP = blood pressure; HR = heart rate; Treat. = treatment. 


TABLE Ill Results of Exercise Testing in the Placebo and Nisoldipine Groups 


Placebo (n = 41) 


Variable Run-in p Value 


Maximal HR 
(beats/min) 
Maximal 
systolic BP 
Maximal 
diastolic BP 
Maximal BP X HR 
(mm Hg/min) 


129 (19) 132 (19) 


158 (26) 156 (26) 
87 (13) 85 (10) 


20,667 
(5,369) 


20,840 
(5,287) 
Exercise 423 (131) 
duration (sec) 
Maximal ST} 
(mm) 
Time to ST} 
(sec) 
Time to pain 
(sec) 
HR at ST 
(beats /min) 
Systolic BP 
(mm Hg) 
BP xX HR at ST} 
(mm Hg/min) 


434 (120) 


2.7 (0.8) 2.6 (0.9) 


254 (114) 266 (121) 


305 (140) 329 (140) 


112 (15) 112 (18) 


148 (24) 146 (21) 


16,828 16,740 
(4,394) (4,024) 


All values are expressed as mean + standard deviation. 
ST} = ST depression; other Abbreviations as in Table Il. 
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Nisoldipine (n = 41) p Value for 
Placebo 
vs Nisoldipine 


Run-in Treat. 


126 (19) 132 (19) 


153 (28) 146 (26) 
85 (14) 79 (13) 


19,510 
(5,660) 


19,438 

(5,241) 
403 (142) 448 (146) 
2.6 (0.8) 2.3 (0.9) 
244 (110) 298 (139) 
241 (97) 321 (156) 
112 (16) 116 (19) 
145 (27) 142 (23) 


16,424 
(4,576) 


16,668 
(4,553) 
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therapy and several baseline characteristics. This com- 
parison detected a significant effect of nisoldipine on 
changes in blood pressure, on time to 1 mm of ST de- 
pression and on time to pain. The effect of nisoldipine 
on exercise duration showed only a trend toward im- 
provement (p = 0.10), whereas the reduction in maxi- 
mal ST depression did not reach statistical significance 
(p = 0.17). 

Holter monitoring results: Table IV compares the 
72-hour Holter parameters between the 2 study periods 
in the placebo and nisoldipine groups. None of the 
Holter variables changed significantly in the placebo 
group. In the nisoldipine group the average number of 
ischemic episodes per patient was reduced from 14.4 to 
11.6 (p = 0.0013); however, the reduction in total isch- 
emia duration from 132 to 120 minutes did not reach 
statistical significance. In addition, there was no signifi- 
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cant change in the mean episode duration, in mean 
heart rate at 1 mm of ST depression or in maximal ST 
depression. 

When the effect of therapy on silent and symptom- 
atic episodes was assessed (Table V), there was no sig- 
nificant change in the placebo group. In the nisoldipine 
group there was significant reduction of both the num- 
ber (from 2.3 to 1.2) and duration (from 26.2 to 13.3 
minutes) of symptomatic episodes, with no change in 
the silent episodes. When the results were categorized 
according to the average number of ischemic episodes 
per patient—>8, >12 and >16 episodes—the only pa- 
rameter that remained significant was the reduction in 
the number of ischemic episodes with nisoldipine. 

In assessing whether the effect of nisoldipine on 
Holter parameters was more marked at peak effect of 
the drug, Holter ischemic parameters recorded between 


TABLE IV Effect of Placebo and Nisoldipine on Holter Parameters* 


Placebo (n = 41) 


Variable Run-in Treat. p Value 





No. of 14 (9) 14.1 (9) 
episodes 

Total ischemic 
time (min) 

Mean episode 11.5 (7) 10.3 (6) 
duration (min) 

Mean HP at ST} 96 (13) 96 (12) 
(beats/min) 

Maximal ST} 


179 (185) 171 (199) 


3.6 (1.5) 3.6 (1.9) 


Nisoldipine (n = 41) p Value for 
Placebo 


vs Nisoldipine 





Run-in Treat. p Value 





14.4(7) 11.6(7) 0.0013 
132 (77) 120 (106) 0.43 
9.4 (5) 9.5 (4) 0.88 
93 (11) 93 (11) 0.77 


3.6 (1) 3.5 (1) 0.39 


* Results expressed as average per patient per 72 hours of monitoring during treatment periods 


Abbreviations as in Table III 





TABLE V Holter Monitoring Results According to Symptoms 


Placebo (n = 41) 


Variable Run-in Treat. p Value 





Numberof episodes 
Symptomatic 1.2 (31) 
Silent 13 (9) 


Ischemic time 


Symptomatic 35 (73) 27 (59) 


Silent 152 (157) 


Treat. = treatment. 


147 (163) 





Nisoldipine (n = 41) p Value for 
Placebo 
Run-lm Treat. p Value vs Nisoldipine 





2.3 (3) 1.2 (2) 0.015 
12 (7) 10.4 (7) 0.12 


26 (39) 13 (23) 0.028 
105 (37) 106 (108) 0.94 


TABLE VI Additive Effect of Nisoldipine on Ischemic Parameters in 21 Patients Who Continued Therapy with Beta-Blocking Drugs 





Treatment 
Run-in (8 blockers 
(8 blockers) + nisolidpine) 
Exercise tests variables 
Exercise duration (sec) 365 + 156 416 + 137 0.013 
Time to 1 mm ST} (sec) 191 + 113 261 + 78 0.0012 
Maximal ST} (mm) 2.8 + 0.7 24 + 0.6 0.014 
Holter monitoring variables 
No. of episodes / patient 15.1 + 6.7 11.1 + 7:3 0.0062 
No. of symptomatic episodes et 3 1.2 + 2.1 0.2 
No. of silent episodes IST sk 7, 9.9 + 6.1 0.012 
118 + 6 


7 
Total iSchemic time (min) 1 8 102 0.24 


Abbreviations as in Table Ill 
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0700 to 1200 hours were compared. The number of 
ischemic episodes in the placebo group did not change 
from the placebo run-in period to the treatment period 
(5.5 vs 5.0, respectively), whereas it was significantly 
decreased in the nisoldipine group (5.2 vs 3.9, respec- 
tively, p = 0.01). There was no significant change in 
duration of ischemia. 

Effect of concomitant beta-blocker therapy: Thirty- 
nine patients continued to take 8-blocking medications 
throughout the study period, and 21 were randomly as- 
signed to the nisoldipine and 18 to the placebo groups. 
In the group of 21 patients taking 8 blockers during the 
run-in period (Table VI), nisoldipine significantly im- 
proved all exercise parameters, whereas only the num- 
ber of ischemic episodes decreased by 27% among the 
Holter parameters. 


DISCUSSION 

The antiischemic effects of nisoldipine, a dihydro- 
pyridine calcium antagonist, were assessed in this dou- 
ble-blind, placebo-controlled trial by exercise testing 
and Holter monitoring. Nisoldipine reduced systolic and 
diastolic blood pressure at rest an average of 10 mm 
Hg. This was accompanied by a moderate but signifi- 
cant increase in heart rate. Nisoldipine also reduced the 
frequency of anginal attacks, and the weekly consump- 
tion of nitroglycerin was also reduced. A similar trend 
toward reduction in the number of anginal attacks and 
nitroglycerin consumption, though less pronounced, was 
observed in the placebo group; however, the difference 
between the groups did not reach statistical significance. 

Nisoldipine improved exercise test parameters. The 
exercise duration increased by 11%, the time to 1 mm of 
ST depression increased by 33%, the time to anginal 
pain increased by 33%, and the maximal ST depression 
decreased from 2.6 to 2.3 mm. 

Holter monitoring parameters showed only partial 
response to nisoldipine. The number of ischemic epi- 
sodes was significantly reduced, from 14.4 to 11.6 epi- 
sodes per patient. Nisoldipine did not significantly re- 
duce the total ischemic time per patient. When we 
analyzed the silent and the symptomatic episodes sepa- 
rately, both the number and the duration of the symp- 
tomatic episodes were reduced by nisoldipine, whereas 
there was no change in the silent episodes. 

Our patients were allowed to continue to take ĝ- 
blocking drugs, and, thus, the additive effect of nisoldi- 
pine to that of 8 blockers could also be evaluated. In 
this group, nisoldipine improved exercise test parame- 
ters more than in the total study population, and it 
also decreased the frequency of ischemic episodes sig- 
nificantly, although the duration of ischemia was not 
reduced. 

The discrepancy between the response to nisoldipine, 
as assessed by exercise testing and by Holter monitor- 
ing, is not clear. The exercise test mainly measures isch- 
emia, which is associated with an increase in oxygen 
demand. Nisoldipine, like all calcium antagonists, does 
not reduce heart rate and is therefore expected to be 
more efficacious in preventing spontaneous ischemic 
episodes probably associated with dynamic changes in 
coronary tone. Cohn et al,!° who studied the effect of 
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nifedipine, found a 23% reduction in the number of 
ischemic episodes, whereas in patients with frequent 
ischemic episodes the reduction was 45%. In our study, 
the opposite was observed: Nisoldipine improved pa- 
rameters of ischemia during exercise more than param- 
eters of spontaneous ischemic episodes during daily life. 
It is possible that the difference between the response as 
measured by the 2 methods is due to the large variabili- 
ty in the number and duration of ischemic episodes be- 
tween the placebo run-in and the nisoldipine treatment 
periods. Another potential source of methodologic error 
is the difference in duration of ischemia during the run- 
in-period between the placebo group (179 minutes) and 
the nisoldipine group (132 minutes). 

In the present study, 84% of the ischemic episodes 
were silent. The effect of nisoldipine reached statistical 
significance only during the symptomatic episodes. We 
have no explanation for this difference. Several stud- 
ies have indicated that silent ischemia is associated 
with similar characteristics and similar hemodynamic 
changes as symptomatic ischemia.'®!? According to 
previous studies, nitrates,?? 6 blockers?! or calcium an- 
tagonists?* had similar effect on silent and symptomatic 
episodes. 

In this study, all patients received the same dose of 
nisoldipine. Had we used individual dose titration,” a 
larger dose of nisoldipine could have been given and the 
antiischemic effect would have been more pronounced. 


Acknowledgment: We deeply appreciate the devoted 
assistance of Noa Dody and Vita Linde for the Holter 
interpretation, and Lea Rozental, Marina Chahmiguery 
and Zipora Ben-Ami. 
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Usefulness of Blood Lactate as a Predictor of 
Shock Development in Acute 





Myocardial Infarction 


Žarko Mavrié, MD, Luka Zaputovi¢, MD, Davorka Žagar, MD, Ante Matana, MD, 
and Davor Smokvina, DCC 


Data were obtained and analyzed in 229 patients 


admitted to the coronary care unit from November 
1988 through July 1989. The patients were classi- 
fied into 2 groups: patients without or with only 
mild left ventricular failure (Killip class I or Il) dur- 
ing their hospital stay (group I), and patients who 
were in Killip class I or Il on admission but devel- 
oped cardiogenic shock during hospitalization 
(group Il). Discriminant function analysis was per- 
formed using the following variables: patients’ age, 
history of previous myocardial infarction, diabetes 
mellitus, blood lactate, urea, creatinine, creatine ki- 
nase, aspartate aminotransferase, lactate dehydro- 
genase concentrations, and chest x-ray cardiotho- 
racic ratio. Variables that were found to signifi- 
cantly discriminate the 2 groups of patients were 
age, previous infarction, x-ray cardiothoracic ratio, 
blood urea and lactate concentrations. The risk in- 
dex was computed, and blood lactate was the vari- 
able with the greatest predictive power for shock 
development. The sensitivity, specificity and predic- 
tive value of the risk index, taking various cutoff 
points, were calculated. With a cutoff value of 1, 
sensitivity was 65%, specificity 91%, positive pre- 
dictive value 36% and negative predictive value 
97%. With a cutoff value of 2, sensitivity was 
53%, specificity 99%, positive predictive value 
82% and negative predictive value 96%. 

(Am J Cardiol 1991;67:565-—568) 
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tients with acute myocardial infarction (AMI). 

First clinical signs of cardiogenic shock in AMI 
are manifestations of poor peripheral perfusion, but 
these signs need not be the earliest indicator of inade- 
quacy of cardiac function. Sheps! and Kessler? and 
their co-workers demonstrated that peripheral blood 
lactate determination can be a useful prognostic marker 
for risk of recurrent cardiac arrest; an increase in blood 
lactate may be related to tissue hypoperfusion. In this 
study we tested the hypotheses that elevated peripheral 
blood lactate concentration preceded clinical manifesta- 
tions of shock in patients with AMI and that blood lac- 
tate could be used to predict the occurrence of shock. 


(eens it shock is a leading cause of death in pa- 


METHODS 

This study comprised 291 consecutive patients with 
AMI admitted to the coronary care unit from Novem- 
ber 1988 through July 1989. The first 229 patients 
formed the study group, and the next 62 patients were 
used for cross-validation of the results obtained through 
discriminant function analysis. The diagnosis of AMI 
was based on the presence of 22 of the following crite- 
ria: characteristic history of prolonged chest pain, eleva- 
tion in serial cardiac enzymes—creatine kinase, aspar- 
tate aminotransferase, lactate dehydrogenase—and 
characteristic electrocardiographic ST-T changes with 
or without development of new Q waves. When there 
were only ST-T changes on the electrocardiogram 
(without new Q waves), elevation of cardiac enzymes 
was required for confirmation of AMI. The patients 
were further classified into 2 groups. Group I consisted 
of patients without or with only mild left ventricular 
failure (Killip class I and II’) during their hospital stay. 
Group II consisted of patients who were in Killip class I 
or II on admittance but developed cardiogenic shock 
during hospitalization. Patients with cardiogenic shock 
already present on arrival to the coronary care unit and 
those who developed shock during the first 24 hours 
were not included in the study. Patients with Killip class 
III left ventricular failure, patients who died from 
causes other than cardiogenic shock, and patients who 
were resuscitated from cardiac arrest also were not in- 
cluded. Cardiogenic shock was defined as systolic blood 
pressure <90 mm Hg for >30 minutes, accompanied by 
the clinical signs of peripheral hypoperfusion and a de- 
crease in urinary output (urine flow <20 ml/hour). 


TABLE I Comparison Between Patients With and Without 
Cardiogenic Shock 


Group | Group II 
(n= 212) (n= 17) p Value 


Age 
<60 years 
260 years 
Previous AMI 
No 177 (84%) 10 (59%) 
Yes 35 (16%) 7 (41%) 
Diabetes mellitus 70 (33%) 7 (41%) 
Thrombolytic therapy 35 (16%) 2 (12%) 
Killip class Il 42 (20%) 6 (35%) 
Cardiothoracic ratio (%) 
138 (65%) 6 (35%) 
74 (35%) 11 (65%) 
202 (95%) 12 (71%) 
10 (5%) 5 (29%) 
Blood urea (mmol/liter) 7.8140.16 13.32 + 2.23 
Blood creatinine 108+ 12 171425 
(umol /liter) 
Creatine kinase 
(IU /liter) 
Blood lactate 
(mmol /liter) 


78 (37%) 0 
134 (63%) 17 (100%) 


1025 + 48 1093 + 78 


3.21+0.38*  <0.05 


2.57 +0.05 

4.20+0.61'  <0.001 
* Mean blood lactate before appearance of shock. 
' Blood lactate obtained on the day that preceded shock development. 
Data are expressed as number of patients or mean + standard error of the mean. 
AMI = acute myocardial infarction; NS = not significant. 





The following variables were taken into account: pa- 
tients’ age, history of previous AMI, diabetes mellitus, 
blood lactate, peak blood urea, creatinine, creatine ki- 
nase, aspartate aminotransferase and lactate dehydroge- 
nase concentrations, chest x-ray cardiothoracic ratio, 
and thrombolytic therapy. Blood lactate, urea, creati- 
nine and cardiac enzymes were measured daily, and the 
chest x-ray was obtained on the first or second day of 
hospitalization. Blood samples for lactate determination 
were drawn from a brachial vein without use of a tour- 
niquet, and processed by enzymatic ultraviolet method 


8 
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Blood lactate (mmol/l) 
: . , 


1 2 
Successive lactate values 
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without deproteination,* using a commercial kit (Boeh- 
ringer-Manheim GMBH, Germany). 

Statistical analysis was accomplished through SPSS 
computer software. Multivariate analysis of variance 
and discriminant function analysis were performed on 
selected variables in the study group, and the discrimi- 
nant function was cross-validated on the second group 
of patients. Continuous data are expressed as mean + 
standard error of the mean, and discrete variables as 
frequencies. Differences were considered significant at p 
<0.05. 


RESULTS 

Of 229 patients who formed the study group, 212 
remained in Killip class I or II during their hospital stay 
(group I), and 17 developed cardiogenic shock (group 
II). Comparison between the 2 groups is presented in 
Table I. Sixty years was the cutoff value for age that 
best separated the 2 groups. The incidence of previous 
AMI was higher in group II than in group I. Cardio- 
megaly defined as x-ray cardiothoracic ratio 255% was 
found more often in group II patients, but a cutoff point 
for cardiothoracic ratio of 60% had a higher signifi- 
cance in differentiating the 2 groups. Peak blood urea 
concentration was higher in group II than in group I. 
Blood lactate (mean for group I and the mean of values 
obtained on days before the first appearance of clinical 
signs of shock for group II) was also higher in group II 
than in group I patients, but when mean blood lactate 
was compared in group I patients with the value of 
blood lactate obtained on the day that just preceded the 
appearance of shock in group II patients, a significantly 
higher difference was seen. This blood lactate value in 
group II patients was also significantly higher than indi- 
vidual lactate values obtained on each of 4 successive 
days in group I patients: 4.20 + 0.61 vs 2.86 + 0.09, 
2.64 + 0.07, 2.42 + 0.06 and 2.52 + 0.1 mmol/liter, 
respectively (p <0.05). The daily lactate levels in the 2 


Group ll 


FIGURE 1. Blood lactate values ob- 
tained on successive days in 2 
groups of patients. Values are ex- 
pressed as mean + standard error 
of the mean. Group I = patients 
without shock; Group Il = patients 
who developed shock during hospi- 


TABLE Il Results of Discriminant Function Analysis of 
Selected Variables 


Blood lactate 

Blood urea 

Previous AMI 
Cardiothoracic ratio 


Age 


* p <0.001; t p <0.05; * p <0.01. 

AMI = acute myocardial infarction; Blood lactate = mean blood lactate for group | 
and blood lactate obtained on the day that preceded shock development for group II; 
Coeff. = standardized canonical discriminant function coefficients; Corr. = pooled- 
within-group correlations between variables and canonical discriminant function; F1 
= univariate F ratio; F2 = multivariate F ratio. 





groups are shown in Figure 1. Although there was a 
rather wide variation of individual results in group II, 
60% of patients in this group had blood lactate levels 
>3.6 mmol/liter on the day preceding the appearance 
of shock. Other variables (diabetes mellitus, blood cre- 
atinine, cardiac enzymes) were not found to have signif- 
icant discriminating power, and there was no difference 
in proportions of patients with Killip class I or II be- 
tween 2 groups. Regarding thrombolytic therapy, there 
was no significant difference between 2 groups either in 
the incidence of its administration or in the blood lac- 
tate concentrations between those who did and did not 
receive this treatment. We did not identify any possible 
extracardiac causes for hyperlactatemia.®’ All patients 
with non-Q-wave AMI were in group I, and there was 
no difference between their lactate levels and those of 
patients with Q-wave AMI belonging to group I. 

With use of stepwise discriminant analysis, the fol- 
lowing function for risk index (I) was computed: I = 
0.64 X L + 0.174 X U + 0.81 X PI + 0.711 X RTG + 
0.387 X A — 3.61 where L = blood lactate (mmol/liter, 
mean value for group I, and the value obtained on the 
day before shock appearance for group II); U = peak 
blood urea (mmol/liter); PI = previous infarction (0 = 
no, | = yes); RTG = cardiomegaly on chest x-ray (0 = 
cardiothoracic ratio of <60%, 1 = cardiothoracic ratio 
of 260%); and A = age (0 = age <60 years, 1 = age 
>60 years). 

The function had highly significant discriminating 
power: chi-square = 82, p <0.001. Discriminant func- 
tion coefficients, correlations between variables and dis- 
criminant function, and F ratios are listed in Table II. 
The variable with the greatest predictive power was 
blood lactate concentration, followed by peak blood 
urea concentration. Previous AMI was also a significant 
predictor after adjusting for all other variables. X-ray 
cardiothoracic ratio and age did not achieve significant 
multivariate F ratio, but pooled-within-group correla- 
tions between these variables and canonical discrimi- 
nant function were significant (>0.30). Inclusion of 
blood lactate into discriminant function analysis added 
significantly to the predictive power of the function: chi- 
square = 82 with lactate included versus chi-square = 
54 when only other variables were entered into the anal- 
ysis. 
Distribution of various values of the risk index I in 
our study population is shown in Table III. The sensitiv- 
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TABLE Ill Distribution of Various Values of Risk Index in 
Patients With and Without Cardiogenic Shock 


Group II 


No. of 
Pts. 


Cum. % = cumulative percent. 


ity, specificity and predictive value of the index I, taking 
various cutoff points, were analyzed. Using a cutoff lev- 
el of 1, we found that I =1 detected 65% of patients 
who were to develop cardiogenic shock (sensitivity), and 
that the proportion of patients developing shock among 
those with I =1 was 36% (positive predictive value). A 
value of I <1 was observed in 91% of patients who did 
not develop shock (specificity), and correctly predicted 
hemodynamic stability in 97% of patients (negative pre- 
dictive value). Taking a cutoff point of 2 resulted in a 
lower sensitivity (53%) but a high positive predictive 
value (82%); specificity and negative predictive value 
were very high (99 and 96%, respectively). Discriminant 
function was then validated in the second group of pa- 
tients. In this group there were 56 patients that re- 
mained hemodynamically stable during their hospital 
stay (group I), whereas 6 patients developed cardiogenic 
shock (group II). The results of validation, considering 
the same cutoff points of the risk index, are highly con- 
sistent with those obtained from the study group: sensi- 
tivity 67%, specificity 88%, positive predictive value 
36%, and negative predictive value 96% for a cutoff val- 
ue of 1; and sensitivity 50%, specificity 98%, positive 
predictive value 75%, and negative predictive value 95% 
for a cutoff value of 2. 


DISCUSSION 

Many investigators have tried to identify high-risk 
patients with AMI and have described prognostic index- 
es using various clinical, biochemical, electrocardio- 
graphic, radiologic, invasive hemodynamic and radionu- 
clide variables.*-!§ The study by Hands et al!’ focused 
specifically on prediction of shock development in pa- 
tients with AMI using patients’ age, left ventricular 
ejection fraction, serum creatine kinase, diabetes melli- 
tus and history of previous AMI, and they found that 
shock occurrence could be predicted in >50% of cases. 
Although there is no evidence that early identification 
of high-risk patients would lead to a better prognosis, 
there is a theoretical possibility that early implementa- 
tion of interventions, such as invasive hemodynamic 
monitoring or some new therapeutic modality, might 
decrease the incidence of manifest shock. As these inter- 
ventions could be potentially hazardous, it would be im- 
portant not to expose low-risk patients to the possible 
risk. The utility of such an index is even greater if it is 
based on simple clinical or laboratory findings that are 
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readily available for every patient. The value of periph- 
eral blood lactate concentration as a predictor for new 
cardiac events has been demonstrated by Sheps,! and 
Kessler? and their associates, who have found it to be a 
useful prognostic marker for risk of recurrent cardiac 
arrest. Although the precise mechanism of elevated 
blood lactate is not clear, it could be related to peripher- 
al tissue hypoperfusion. 

In our study we found that blood lactate concentra- 
tion is a significant predictor of shock development in 
patients with AMI, and that it can be used in conjunc- 
tion with other simple clinical or laboratory data (pa- 
tient’s age, history of previous AMI, blood urea concen- 
tration and x-ray cardiothoracic ratio) to predict shock 
occurrence. Mean blood lactate concentration during 
the period from admission to the appearance of first 
clinical signs of shock was significantly higher in pa- 
tients who developed shock (group II) than in patients 
who remained hemodynamically stable (group I). 
However, the difference was even greater and discrimi- 
nation better when lactate value obtained on the day 
just preceding occurrence of shock in group I was com- 
pared with mean lactate concentration in group I (Ta- 
ble I). This value resulted in greater predictive power 
than any other variable included in the discrimination 
analysis (Table II). Figure 1 shows the daily lactate lev- 
els in the 2 groups; blood lactate in group II patients 
can be seen to increase 2 days before shock develop- 
ment, with further increase on the following day, dem- 
onstrating that the most recent value of blood lactate 
should be used for calculation of the risk index in every- 
day practice. 

Despite significant univariate F ratios, cardiotho- 
racic ratio and patients’ age did not maintain statistical 
significance as multivariate predictors after adjustment 
was made for other variables (Table II). Nevertheless, 
we retained them in the analysis because of significant 
pooled-within-group correlations between them and ca- 
nonical discriminant function, and because various stud- 
ies have suggested that age!®.!>.!9-25 and heart size on x- 
ray!’ are important prognostic factors in AMI. Besides, 
regarding small number of patients with cardiogenic 
shock in our study, there is a greater tendency to a type 
II statistical error. 

Our risk index for shock development exhibited a 
satisfactory potential for classifying patients with AMI 
who had no or only mild signs of left ventricular dys- 
function (Killip class I and II) during early stages of 
AMI. With a cutoff value of 1 for the risk index, its 
sensitivity was 65% and specificity 91%, with positive 
predictive value 36% and negative predictive value 97%. 
With a cutoff point of 2, sensitivity was 53%, specificity 
99%, positive predictive value 82% and negative predic- 
tive value 96%. These results are highly consistent with 
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those obtained by cross validation of the function on the 
second group of patients. 
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Long-Term Follow-Up of the First 56 Patients 
Treated with Intracoronary Self-Expanding 
Stents (The Lausanne Experience) 


Jean-Jacques Goy, MD, Ulrich Sigwart, MD, Pierre Vogt, MD, Jean-Christophe Stauffer, MD, 
Urs Kaufmann, MD, Philippe Urban, MD, and Lukas Kappenberger, MD 


Fifty-six patients treated with the self-expanding 
intracoronary stent for acute occlusion during per- 
cutaneous transluminal coronary angioplasty 
(PTCA) or restenosis were followed for 24 to 43 
months (mean 34). Successful deployment and po- 
sitioning were achieved in 55 of 56 patients. Occlu- 
sion of the stent was documented in 8 patients, the 
earliest occurring 30 minutes and the latest 8 
months after implantation. Three of the occluded 
stents were recanalized by PTCA. Coronary artery 
bypass grafts (CABG) were required in 4 patients: 
1 for symptomatic restenosis, 1 for left main steno- 
sis adjacent to the stent and 2 for acute ischemia 
during the in-hospital stay (<7 days). Myocardial 
infarction occurred in the territory of the stented 
vessel in 8 patients. Seven patients died between 1 
day and 19 months after implantation. Local bleed- 
ing complications occurred in 10 patients, with 5 
requiring blood transfusion. Restenosis within the 
stent was angiographically documented in 5 pa- 
tients (9%). A new lesion in the treated vessel was 
found in 10 patients, followed by implantation of a 
second stent in 5 and a third stent in 1 patient. 
Medical treatment was instituted in the remaining 
4 patients. Forty-nine patients (88%) are alive. 
Twenty-nine patients (51%) remained asymptom- 
atic, and 44 (78%) are in a better functional class 
than before the implantation. Eleven of 15 (79%) 
major complications (acute occlusions or deaths) 
occurred in patients who received a stent in the left 
anterior descending coronary artery. In conclusion, 
implantation of the self-expanding intracoronary 
stent appears to be a new therapeutic option for 
treating acute occlusion or restenosis after PTCA. 
However, stent occlusion remains an important lim- 
itation, and stents have to be significantly improved 
for use in small vessels. 
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cute coronary occlusion and chronic resteno- 
As remain important limitations of percutane- 

ous transluminal coronary balloon angioplasty 
(PTCA). Various mechanical! or thermal*~’ devices 
have been developed in an effort to prevent acute occlu- 
sion and restenosis. Intravascular stents were developed 
as 1 potential approach to these problems.’ However, 
currently available data suggest that thrombosis and 
reocclusion may also complicate stenting. We previously 
reported clinical data from patients treated?-!! with the 
self-expanding stent (Wallstent™, Medinvent, S.A., 
Lausanne, Switzerland). The current study describes 
the long-term (22-year) incidence of restenosis and oc- 
clusion obtained from the first 56 consecutive patients 
treated with an intracoronary stent at the Centre Hospi- 
talier Universitaire Vaudois. 


METHODS 

Three conditions were considered indications for im- 
plantation: (1) restenosis of a coronary artery after pre- 
vious balloon angioplasty, (2) acute coronary occlusion 
after balloon angioplasty, and (3) stenosis of coronary 
artery bypass grafts (CABGs). The protocol was ap- 
proved by our institutional ethics committee, and in- 
formed consent was obtained from each patient. The 
stent itself and the implantation technique have been 
described previously.® Briefly, calcium antagonists were 
given | hour before the procedure. Heparin (15,000 U) 
and aspirin (500 mg) were administered before implan- 
tation and the patients received 100,000 U of urokinase 
through the guiding catheter. After the implantation, 
acenocoumarol was begun. The target anticoagulation 
level was an international normalized ratio of >2.5. In 
addition, aspirin (250 to 500 mg/day), dipyridamole 
(150 to 300 mg/day) and calcium antagonists were ad- 
ministered. Sulfinpyrazone was also administered to the 
last 28 patients. 

Patients: From April 1986 to December 1987, 56 
patients with a mean age of 57 + 9 years received 68 
intracoronary stents. There were 49 men and 7 women. 
All had New York Heart Association functional class II 
to IV angina pectoris and 17 had previous CABGs. 
One-vessel coronary artery disease was present in 30 pa- 
tients (54%), 2-vessel disease in 14 patients (25%) and 
3-vessel disease in 12 patients (21%). The mean ejection 
fraction was 66 + 11%. The left anterior descending 
coronary artery was the most frequent site of implanta- 
tion, followed by the right coronary artery and CABG 
(Table I). Only stenoses >75% in diameter were at- 





TABLE I Indications for Stenting and Localization of the 
Stents 


Vessel LAD RCA CX CABG OD Mam Total 


Restenosis 
Occlusion 
Primary stenosis 


Total 


CABG = coronary artery bypass graft; CX = circumflex coronary artery; D = 
diagonal coronary artery; LAD = left anterior descending coronary artery; Mam = 
mammary artery; RCA = right coronary artery. 





tempted. The indication for stent implantation was post- 
PTCA restenosis in 59%, acute occlusion during PTCA 
in 20.5%, and stenosis of CABG in 20.5% of the pa- 
tients. The size of the stents varied from 3.0 to 6.0 mm. 
The patients were discharged 4 to 20 days after implan- 
tation and followed up by their local referring physician 
or cardiologist. In all but 2 patients, a repeat coronary 
arteriogram was performed at least once 3 to 6 months 
after implantation or earlier if angina pectoris recurred. 
All patients were treated for 26 months with the fol- 
lowing antithrombotic regimen: acenocoumarol, dipy- 
ridamole and sulfinpyrazone. After 6 months, only aspi- 
rin was continued. Angiographic restenosis was defined 
as a luminal reduction of 250%. Long-term follow-up 
data were obtained either from a questionnaire sent to 
the local physician or during clinic visits. 


RESULTS 

in-hospital follow-up (Figure 1): The deployment 
and correct positioning of the stent was successful in 55 
patients (98%). In-hospital stay was unremarkable for 
42 of 56 patients (75%). 

Death: Two patients (4%) died during the acute hos- 
pital course. In 1 patient in cardiogenic shock, the stent 
was implanted after an acute left anterior descending 
coronary artery occlusion 40 minutes after PTCA.'° Be- 
cause of failure in x-ray equipment, the stent appeared 
to have been placed distal to the stenosis, but antero- 
grade flow was excellent at the end of the procedure. 


CABG + restenosis Bleeding + occlusion + CABG 
Occlusion + new stenosis 
Occlusion + bleeding 
Occlusion + death 


Bleeding + restenosis 


Ea Bleeding + death 


= 7 CABG + death 
5 , CABG + death + new stenosis 


Favorable outcome 





FIGURE 1. Follow-up data. CABG = coronary artery bypass 
graft; new stenosis = a stenosis proximal or distal to the stent 
not present at the time of impiantation. 
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This patient died 16 hours after the procedure from in- 
tractable ventricular arrhythmias. Another patient 
with successful implantation developed acute myocardi- 
al ischemia shortly after a maximal stress test. He un- 
derwent successful coronary artery bypass grafting, but 
died 12 hours after the procedure, probably from tam- 
ponade.*® 

Occlusion: [n-hospital stent occlusion occurred in 4 
patients, 1 to 7 days after implantation. One silent oc- 
clusion was treated medically, and recanalization with 
balloon angioplasty and intracoronary thrombolysis was 
successfully achieved in the other 3 patients. One of 
these 3 underwent successful surgical revascularization 
for subsequent ischemic episodes. After correction of a 
false aneurysm of the femoral artery, 1 patient had an 
acute ecclusion of the endoprosthesis 3 months after im- 
plantation. Myocardial infarction was documented in all 
4 patients with a significant increase in creatine kinase 
levels. 

Minor complications: Minor complications also oc- 
curred, with bleeding at the femoral puncture site in 8 
patients. Five required surgical repair. During the hem- 
orrhagic event, 1 patient had an acute occlusion of the 
endoprosthesis. He underwent successful PTCA/recan- 
alization, but as angina pectoris recurred 2 days later, 
coronary artery bypass grafting was performed, without 
any further problems. 

Long-term follow-up (Figure 1): Thirty-four + 6 
months after stent implantation, 44 patients (79%) were 
in a better functional stage than before. Thirty-four 
patients (61%) had no new cardiac events during that 
period. 

Death: A total of 5 patients died during follow-up 
(9%). One patient was admitted in ventricular fibrilla- 
tion 1 week after the left anterior descending coronary 
artery was stented. Anterior myocardial ischemia was 
present on an electrocardiogram before admission. No 
autopsy was performed, and it later appeared that the 
patient was not correctly anticoagulated.’ The second 
patient had documented stent occlusion on angiography 
performed 6 months after implantation; he died sudden- 
ly at 19 months. The third patient presented with an 
anterior myocardial infarction 2 months after implanta- 
tion of a stent in the left anterior descending coronary 
artery and died from electromechanical dissociation (his 
anticoagulation had been stopped by his referring physi- 
cian). The fourth patient died from cardiogenic shock 7 
months after the implantation of a stent in a CABG.!! 
He had severe 3-vessel disease, with severe left ventricu- 
lar dysfunction at the time of the implantation. In the 
fifth patient, death was from cardiogenic shock after 
cardiac surgery performed for unstable angina pectoris 
secondary to severe stenosis of the left main coronary 
artery. The stent had been placed 3 months earlier in 
the proximal left anterior descending coronary artery 
and was found to be patent. Myocardial infarction oc- 
curred in 6 patients. In 3 of these, stent occlusion had 
been documented by angiography. The 3 other patients 
died. 

New angiographic lesions: [n 10 patients (18%), a 
new stenosis in the stented vessel was present at repeat 


angiography performed 3 to 6 months after implanta- 
tion. This stenosis was immediately adjacent to the 
prosthesis in 4 patients. In 6 patients, a new stent was 
implanted for recurrence of angina. One patient under- 
went PTCA of the left anterior descending coronary ar- 
tery for a 75% stenosis distal to the stent. Two patients 
received medical therapy as sole treatment. During fol- 
low-up, an occlusion of the stented vessel was docu- 
mented angiographically in 4 patients but no recanali- 
zation was attempted in 3 patients. Minor problems, 
such as bleeding, occurred in 1 patient at the femoral 
puncture. 

Restenosis: Angiographic restenosis was document- 
ed in 5 patients (9%); 2 had a stent placed in the left 
anterior descending coronary artery; 1 who was asymp- 
tomatic had a stent placed in the right coronary artery; 
and 2 had a stent placed in a venous CABG. Three 
patients were treated medically, 1 underwent coronary 
artery bypass grafting and 1 underwent coronary ather- 
ectomy followed by excimer laser angiography without 
permanent success. 

Discussion: A number of new ways are currently be- 
ing developed to improve the long-term outcome of 
PTCA, among them intracoronary stenting. Despite re- 
ports of excellent short-term safety and efficiency,”:'° no 
prospective studies have been performed that compare 
restenosis rates after PTCA alone with those after 
PTCA and implantation of endoluminal support de- 
vices. Also, the time course of the development of signif- 
icant intraluminal tissue ingrowth within stents is not 
well understood in humans. 

From our retrospective analysis of the first 56 pa- 
tients who had intraluminal self-expanding stents im- 
planted for documented restenosis, abrupt closure after 
angioplasty and restenosis or significant first stenosis, 
CABG restenosis is a rare phenomenon. When com- 
pared with restenosis rates obtained from other stud- 
ies,'2-!4 the restenosis rate in patients with self-expand- 
ing intracoronary stents seems to be much lower, i.e. 9% 
versus the expected >30%. The true restenosis rate is 
only available for the first 6 months in our group of 
patients, because only symptomatic patients underwent 
repeat angiography after this time. However, the likeli- 
hood of late occlusion or restenosis in asymptomatic pa- 
tients is low. Symptomatic and asymptomatic restenosis 
was angiographically documented in only 5 patients 
(9%). 

The analysis of tissue samples obtained from direc- 
tional atherectomy seems to indicate that restenosis is 
primarily due to smooth muscle proliferation. Whether 
the lower incidence of restenosis after stenting with self- 
expanding coronary stents is related to a lesser degree of 
fibromuscular proliferation or to an optimally enlarged 
primary lumen, allowing for certain degrees of intimal 
hypoplasia without flow reduction, is still unclear. Em- 
pirically, in patients with suboptimal PTCA results, re- 
stenosis is more frequent.'> The stimulus responsible for 
smooth muscle cell proliferation has yet to be identified; 
either flow turbulence due to intimal fissures, plaque 
rupture or the presence of residual lesions may well be 1 
of the stimuli promoting fibromuscular ingrowth. Con- 
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sequently, reduction of turbulent flow as the result of an 
increase in luminal diameter and elimination of wall ir- 
regularities may well be | of the key factors responsible 
for the lower number of restenoses after stenting. Self- 
expanding stents, which tend to produce luminal diame- 
ter increments even after the initial procedure, would 
seem to be particularly suitable for this purpose. This 
mechanism is counterbalanced by the possible chronic 
stimulation of cellular proliferation by the presence of a 
foreign body. New lesions in the stented vessels oc- 
curred in 18% of our patients, a percentage not different 
from that observed by others, where new lesions oc- 
curred in 20 to 25% of patients after PTCA alone.!® 
The initial acute complication rate after stenting with 
self-expanding stents was in the order of 10% in this 
initial series. This is significantly higher than that seen 
with balloon angioplasty alone. It must be pointed out, 
however, that this report deals with high-risk patients, 
and that angioplasty and bypass surgery were consid- 
ered contraindicated for a number of them. When stents 
are used to treat PTCA complications, the risk analysis 
of stent implantation should be compared with the mor- 
tality rate (up to 15%)!’ and the high incidence of myo- 
cardial infarction (31 and 71%)! of emergency coro- 
nary surgery. The overall mortality of the first 56 
patients with intracoronary stents was higher than ex- 
pected with PTCA alone.'*!> It is interesting to note 
that all patients who died had a stent positioned in the 
left anterior descending coronary artery, except 1; this 
patient had bypass graft stenting in the presence of 3- 
vessel disease with poor left ventricular function and 
died from cardiogenic shock. The association between 
small vessel size and complications is also striking. Stent 
occlusions in this series occurred despite considerable ef- 
fort to maintain a heavy anticoagulant regimen with the 
potential and documented increase in bleeding compli- 
cations. 

Clinical implications: Recommendations for the use 
of self-expanding stents in coronary arteries or bypass 
grafts should include strict patient selection. Bypass 
grafts >4 mm, in which stents of 24.5 mm in diameter 
can be implanted, are excellent targets for stent implan- 
tation and will in the majority of cases provide satisfy- 
ing long-term results. Bail-out situations in >3.5-mm 
vessels are equally acceptable substrates for implanta- 
tion of self-expanding stents. However, elective surgical 
revascularization should be strongly considered in the 
patients treated with the self-expanding stent for acute 
occlusion after PTCA. In medium- or small-sized left 
anterior descending coronary arteries, self-expanding 
stents of the first generation cannot be recommended. 
Implantation of self-expanding stents for recurrent re- 
stenosis in large native coronary arteries requires fur- 
ther investigation, because, despite heavy anticoagula- 
tion, the complication rate is still too high with this 
first-generation device. Improvement of stent design and 
surface coating may enlarge the indication for implan- 
tation of endoluminal support devices. 
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Capabilities of Supine Exercise 
Electrocardiography Versus Exercise 
Radionuclide Angiography in Predicting 
Coronary Events 


Robert D. Simari, MD, Todd D. Miller, MD, Alan R. Zinsmeister, PhD, 
and Raymond J. Gibbons, MD 


The ability of supine exercise electrocardiography 


and exercise radionuclide angiography to predict 
time to subsequent cardiac events (cardiac death, 
nonfatal myocardial infarction or late coronary by- 
pass grafting or angioplasty) were compared in 
265 patients with normal resting electrocardio- 
grams who were not taking digoxin. All patients 
had undergone coronary catheterization and were 
initially treated medically. Follow-up study was per- 
formed at a median of 51 months. Separate logistic 
regression models, which had been previously de- 
veloped to predict 3-vessel or left main coronary 
artery disease (CAD), were compared using a Cox 
regression analysis to predict time to a subsequent 
cardiac event. The exercise electrocardiography 
model, consisting of the magnitude of ST depres- 
sion, exercise heart rate and patient gender, was a 
powerful predictor (chi-square = 30.8, p <0.0001) 
of subsequent events. The exercise radionuclide an- 
giography model, which included the exercise re- 
sponse of the pressure-volume ratio in addition to 
the exercise electrocardiography variables, had 
similar prognostic power (chi-square = 31.8, p 
<0.0001). In a separate analysis considering only 
cardiac death and nonfatal myocardial infarction, 
the exercise electrocardiography model remained a 
significant predictor of events (chi-square = 12.2, p 
<0.001). None of the radionuclide angiography 
variables added significantly to the prognostic pow- 
er of the exercise electrocardiography model. Thus, 
in patients with a normal resting electrocardiogram 
who are not taking digoxin, the supine exercise 
electrocardiography model that predicts 3-vessel or 
left main CAD also predicts future cardiac events. 
Exercise radionuclide angiography does not provide 
any additional prognostic information in such pa- 
tients. 
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with severe (left main or 3-vessel) coronary ar- 

tery disease (CAD),'? patients at high risk for 
future cardiac events,’ and patients more likely to bene- 
fit from treatment with bypass surgery.* Exercise radio- 
nuclide angiography can also be useful for these pur- 
poses.^-!! Although exercise radionuclide angiography 
has been shown to be superior to exercise electrocardi- 
ography in diagnosing CAD,'?-'4 few studies have com- 
pared exercise radionuclide angiography and exercise 
electrocardiography for the purposes of identifying se- 
vere CAD or predicting patient outcome. A recent com- 
parison of these techniques in patients with a normal 
resting electrocardiogram who were not taking digox- 
in! determined that exercise radionuclide angiography 
added very little incremental information for the identi- 
fication of severe CAD. The current study compares the 
prognostic value of exercise electrocardiography and ex- 
ercise radionuclide angiography in the subset of patients 
from the aforementioned study! who were subsequent- 
ly treated with initial medical therapy. 


prex electrocardiography can identify patients 


METHODS 

Patients: The study group consisted of a consecutive 
series of patients with known or suspected CAD who 
underwent rest and supine exercise radionuclide angiog- 
raphy and coronary angiography within 6 months of the 
exercise radionuclide angiography and without evidence 
of an intervening cardiac event. Reasons for exclusion 
included: (1) previous coronary revascularization by ei- 
ther coronary artery bypass grafting or coronary angio- 
plasty; (2) hemodynamically significant valvular heart 
disease; (3) any abnormality (other than sinus brady- 
cardia) on the resting electrocardiogram; and (4) digox- 
in therapy. Of the 408 patients who met these criteria, 
391 had complete data at the time of the previous anal- 
ysis.! One hundred nineteen of these 408 patients un- 
derwent bypass surgery or angioplasty within 30 days of 
cardiac catheterization and were excluded from this 
analysis. These patients had a higher incidence of prior 
myocardial infarction, worse symptoms, poorer exercise 
performance, and more extensive CAD than the 289 pa- 
tients who were treated initially with medical therapy 
(Table I). Of the 289 patients, 6 had missing exercise 
data and 18 were lost to follow-up and were excluded 
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Variable 


Clinical 
Age (mean), years 
Male gender (%) 
Prior myocardial infarction (%) 
Typical angina (%) 
New York Heart Association class 
0-2 (% of typical) 
3—4 (% of typical) 
Exercise testing 
Exercise work load (median), kg-m/min 
Exercise heart rate (median), beats /min 
Exercise heart rate X blood pressure (median) 
Angina during test (%) 
Positive electrocardiogram (%) 
Rest ejection fraction (mean), % 
Exercise ejection fraction (mean), % 
Change in ejection fraction (exercise—rest), % 
Worsening wall motion during exercise 
O Walls (%) 
1 Wall (%) 
2 Walls (%) 
3 Walls (%) 
Number of coronary arteries narrowed >70% in diameter 
0(%) 
1 (%) 
2(%) 
3(%) 









Numbers in parentheses refer to percentages of patient group. 


from analysis. The remaining 265 patients constitute 
the study group. 

Exercise protocol and radionuclide angiography: 
Resting electrocardiography and supine bicycle ergom- 
etry with exercise electrocardiography were performed 
and interpreted as previously described.'!> Red blood cell 
labeling was performed with 30 mCi of technetium-99m 
using the in vivo! or modified in vivo procedure.'’ Ra- 
dionuclide angiograms were obtained at rest and during 
exercise and processed and analyzed, including determi- 
nation of cardiac volumes, calculation of ejection frac- 
tion and assessment of regional wall motion, as previ- 
ously described.!>:'*-29 The pressure-volume ratio was 
defined as the ratio of the systolic blood pressure to the 
end-systolic volume. The exercise response of the pres- 
sure-volume ratio was calculated using the definition of 
Dehmer et al?!: exercise response of pressure-volume ra- 
tio = (exercise systolic pressure X rest end-systolic vol- 
ume) /(exercise end-systolic volume X rest systolic pres- 
sure). 

Coronary angiography: Coronary angiography was 
performed as previously described.'> Lesions were clas- 
sified as significant using the definitions of the Coro- 
nary Artery Surgery Study.” 

Follow-up: Follow-up data were obtained by chart 
review or patient contact. Significant events were de- 
fined as cardiac death, nonfatal myocardial infarction, 
and coronary artery bypass grafting or coronary angio- 
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TABLE I Comparison of Patients Treated with Initial Medical Therapy Versus Revascularization 





* Chi-square values on 1 degree of freedom for entry into logistic regression model with initial therapy (medical versus revascularization) as the dependent variable. Chi-square 
values >3.84 correspond to p <0.05, >6.63 to p <0.01, and >10.8 to p <0.001, and indicate the significance of the association for a given variable with revascularization. 
t Chi-square value corresponds to this variable coded as to degree of ST-segment depression. 









Initial Initial 
Medical Revascularization 
(n = 289) (n=119) Chi-Square* 



































56 58 5.01 
173 (60) 94 (79) 15.01 
29 (20) 24 (20) 5.14 
129 (45) 99 (83) 28.77 
78 (60) 48 (48) 
51 (40) 51 (52) 
600 600 3.92 
126 112 12.58 
22,608 19,032 19.81 
42 (15) 33 (28) 11.17 
138 (48) 85 (71) 35.65! 
61 60 1.45 
59 54 13.62 
HZ “5 11.60 
196 (68) 47 (40 
77 (26) 49 (41) 
14 (5) 22 (18) SAN 
2 (1) 1 (1) 
149 (52) 0 (0) 
65 (22) 27 (23) 
48 (17) 39 (33) ‘Ste 
27 (9) 53 (44 










plasty >3 months after catheterization. Late revascular- 
izatien has been included in other studies as a proxy for 
worsening disease.??-*> To exclude such patients under- 
estimates the actual event rate, whereas including them 
overestimates the rate. Although the initial noninvasive 
testing may have influenced late revascularization, it is 
unlikely that this occurred, given the median time to 
revascularization of 15 months (twenty-fifth percentile 
189 days, seventy-fifth percentile 1,025 days). In fact, 
19 of the 24 patients (79%) who underwent late revas- 
cularization were hospitalized for clinical deterioration 
before surgery or angioplasty. A separate analysis of 
cardiac death and nonfatal myocardial infarction only 
was also performed. 

Statistical analysis: In a previous study!'> a logistic 
regression analysis was used to determine which clinical 
and exercise test variables were significantly associated 
with severe CAD, and to develop models to predict the 
presence or absence of severe CAD. The exercise elec- 
trocardiography model included gender, magnitude of 
ST-segment depression and exercise heart rate. The ex- 
ercise radionuclide angiography model included these 
same 3 variables as well as the exercise response of the 
pressure-volume ratio. The exercise response of the 
pressure-volume ratio was the only exercise radionuclide 
angiography variable that significantly increased the 
ability of the exercise electrocardiography model to 
identify severe CAD. These 2 models were then used to 


to 


TABLE II Univariate Significance of Clinical and Exercise Variables in Patients with Events 


Variable 


Age (mean), years 
Male gender (%) 
Previous myocardial infarction (%) 
Exercise work load (median), kg-m/min 
Exercise heart rate (median), beats/min 
Positive exercise electrocardiogram (%) 
Exercise response of the pressure-volume ratio (median)* 
Exercise ejection fraction (mean), % 
Change in ejection fraction (exercise—rest), % 
Exercise left ventricular end-systolic volume index (median), ml /m? 
Exercise wall motion score (median)S 
Worsening wall motion during exercise 
O Walls (%) 
1 Wall (%) 
2 Walls (%) 
3 Walls (%) 


Patients With 
Events (n = 38) 


Patients Without 


Events (n = 227) Chi-Square* 


162 (71) 
54 (24) 
10 (4) 

1 (1) 


* Chi-square values at first step in proportional hazards regression analysis assessing the association between these variables and time to a cardiac event. Chi-square values 


>3.84 correspond to p <0.05, >6.63 to p <0.01, and >10.8 to p <0.001. 


t Chi-square value corresponds to this variable coded as to degree of ST-segment depression. 


t Refer to text for definition. 


5 The average of scores for 3 segments (septal, inferoapical, lateral) using a 6-point grading system (1 = normal, 2 = mild hypokinesia, 3 = moderate hypokinesia, 4 = severe hy- 


pokinesia, 5 = akinesia, 6 = dyskinesia). 
Numbers in parentheses refer to percentages of patient group. 


separate the study population into subgroups of low, in- 
termediate and high probability of severe CAD. In the 
current study, each of the original sets of variables were 
compared using a Cox regression analysis to predict 
time to a subsequent cardiac event. Other exercise ra- 
dionuclide angiography variables were also examined to 
determine if they added significant incremental prog- 
nostic value to the exercise electrocardiography model. 
Event-free survival curves for subgroups of patients 
identified as low, intermediate and high probability of 
severe CAD on the basis of the exercise electrocardiog- 
raphy and exercise radionuclide angiography models 
were estimated by the Kaplan-Meier method.”° 


RESULTS 

Events: Median time to follow-up was 51 months 
(range 3 to 78). During follow-up 38 patients had initial 
cardiac events: 6 cardiac deaths, 8 nonfatal myocardial 
infarctions and 24 late revascularizations. Patients with 
events were more likely to be men and to have a positive 
electrocardiogram, a lower peak heart rate, and more 
deterioration in wall motion during exercise (Table II). 

Of the 38 patients with events, 13 had 3-vessel, 11 
had 2-vessel and 10 had l-vessel CAD. Four patients 
had no significant CAD (3 had coronary artery lesions 
<60% and 1 had clinically unsuspected aortic stenosis). 

Prognostic capabilities of the models: The exercise 
electrocardiography model was significantly predictive 
of subsequent cardiac events (chi-square = 30.8, p 
<0.0001). Each of the 3 variables was significantly as- 
sociated with time to an event after adjustment for the 
other 2 variables (magnitude of ST depression - chi- 
square = 16.0, p <0.0001; peak heart rate - chi-square 
= 13.5, p <0.001; male gender - chi-square = 5.9, p 
<0.02). The exercise radionuclide angiography model 
was also predictive of subsequent cardiac events (chi- 





square = 31.8, p <0.0001). However, the only radionu- 
clide angiography variable included in the model, the 
exercise response of the pressure-volume ratio, was not 
significantly associated with future events after adjust- 
ment for the 3 exercise electrocardiography variables 
(chi-square = 1.8, p = 0.18). In addition, none of the 
other radionuclide angiography variables listed in Table 
II added any significant prognostic information to the 
exercise electrocardiography model. The greatest chi- 
square for any variable was for worsening wall motion 
during exercise (chi-square = 1.96, p = 0.16). 

When late revascularization was included as an end 
point, there were no differences in event-free survival 
for any of the patient subgroups (predicted to have low, 
intermediate or high probability of severe CAD) using 
the exercise electrocardiography versus the exercise ra- 
dionuclide angiography models (Figure 1). In a separate 
analysis that considered only death and myocardial in- 
farction as end points, the exercise electrocardiography 
model was still significantly, although not as strongly, 
predictive of events (chi-square 12.2, p <0.001). 
None of the exercise radionuclide angiography variables 
added any significant prognostic information to the ex- 
ercise electrocardiography model. Again there were no 
differences in event-free survival within patient sub- 
groups predicted to have low, intermediate or high prob- 
ability of severe CAD using the 2 models (Figure 2). 


DISCUSSION 

A previous report! showed that exercise radionu- 
clide angiography adds very little information to exer- 
cise electrocardiography for the accurate identification 
of severe CAD in patients with a normal resting electro- 
cardiogram who were not taking digoxin. The current 
study shows that exercise radionuclide angiography also 
does not add any prognostic information to exercise 
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electrocardiography for this subset of patients who were 
treated initially with medical therapy. Because this 
study used the same 2 models that were previously de- 
scribed,'> the clinician is provided with a simple and 
practical exercise electrocardiography model that can 
predict the likelihood of both severe CAD and subse- 
quent cardiac events. 

Several previous studies have demonstrated the 
prognostic utility of exercise radionuclide angiography 
in patients with CAD.5-!! However, these previous stud- 
ies probably included many patients with resting elec- 
trocardiographic abnormalities or left ventricular dys- 
function, or both, since these were not criteria for exclu- 
sion in these studies. The current study was restricted to 
patients with chest pain and normal resting electrocar- 
diograms who were not taking digoxin. In a community- 
based population, 60% of patients initially presenting 
with angina pectoris fulfilled these criteria.” Exercise 
electrocardiography is more specific in the absence of 
resting electrocardiographic abnormalities and digoxin 
use.** A previous report from our laboratory demon- 
strated that 95% of patients presenting with chest pain 
and a normal resting electrocardiogram (who were not 
taking 8 blockers) had a normal resting ejection frac- 
tion in the absence of a history of myocardial infarc- 
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Low probability 
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tion.”” In fact, 92% of the patients in this study (19% of 
whom were taking 6 blockers) had an ejection fraction 
250%. In such patients with normal left ventricular 
function, the major determinants of outcome are the ex- 
tent of CAD and the severity of exercise-induced isch- 
emia. This study indicates that exercise electrocardiog- 
raphy provides adequate prognostic information, 
presumably because it effectively screens for these vari- 
ables. 

Few studies have examined the incremental prognos- 
tic value of exercise radionuclide angiography compared 
with exercise electrocardiography in this setting. Laden- 
heim et al? reported results of exercise electrocardiog- 
raphy and thallium scintigraphy in 1,451 patients with 
normal resting electrocardiograms. Exercise thallium 
scintigraphy failed to significantly increase the ability of 
clinical and exercise electrocardiography variables to 
predict cardiac event rates during 1 year of follow-up. 
Using exercise radionuclide angiography, and with long- 
er follow-up, our results are similar. 

We have previously described the limitations of this 
type of study.'> The most important limitation is patient 
selection bias. The original study patients!> consisted of 
a referral population undergoing evaluation at a tertiary 
medical center. All underwent coronary angiography. 


FIGURE 1. Survival free of all events (car- 
diac death, nonfatal myocardial infarction 
and late revascularization) for patient sub- 
groups predicted to have a low or a high 
probability of severe coronary artery dis- 
ease using the exercise electrocardiogra- 
phy (ECG) model and the exercise radio- 
nuclide angiography (RNA) model. 


FIGURE 2. Survival free of hard events 
(cardiac death and nonfatal myocardial in- 
farction only) for patient subgroups pre- 
dicted to have a low or a high probability 
of severe coronary artery disease using 
the exercise electrocardiography (ECG) 
model and the exercise radionuclide angi- 
ography (RNA) model. 
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The current study population is even more highly select- 
ed because 29% of the original patient population were 
treated with early revascularization and therefore ex- 
cluded from the current analysis. The patients treated 
with early revascularization had more severe clinical 
and angiographic CAD (Table I), and presumably 
would have had a higher event rate than those treated 
medically. The results of this study need to be con- 
firmed in other patient groups, both from other referral 
centers and from community-based populations that 
have not undergone cardiac catheterization, before they 
can be widely applied. 
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assistance in obtaining follow-up information on these 
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the preparation of this manuscript. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Cardiac Arrest in Seattle: Conventional Versus 
Amiodarone Drug Evaluation 
(The CASCADE Study) 


The CASCADE Investigators* 





This randomized study evaluates survivors of out- 
of-hospital ventricular fibrillation (VF) not associ- 
ated with a Q-wave acute myocardial infarction 
who are deemed to be at a high risk of recurrence 
of VF. it compares the outcome of treatment with 
empirically administered amiodarone with the out- 
come of treatment with other antiarrhythmic 
agents guided by electrophysiologic testing or 
Holter recording, or both. The goal of therapy guid 
ed by electrophysiologic testing is to suppress in- 
ducible ventricular tachycardia (VT) or VF. Holter 
recording is used as the primary means of adjust- 
ing therapy only if patients are noninducible at the 
baseline electrophysiologic study. Patients are 
stratified according to cardiac diagnosis, ejection 
fraction, and whether they had previously received 
an antiarrhythmic agent that failed to suppress 
their arrhythmias. The primary end point of the 
study is total cardiac mortality. 

The first patient was enrolled in a pilot study on 
April 26, 1984. By October 1988, 142 patients 
had been enrolled in the full study and, as of May 
1990, 199 patients have been enrolled. Compliance 
with therapy has been good, with no patients lost 
to follow-up and 8% of patients, equal in both drug 
groups, crossing over to alternate therapy. Base- 
line clinical characteristics remain similar in amio- 
darone and conventional drug groups. Pulmonary 
toxicity with amiodarone is 7% at 1 year, with no 
patients dying of pulmonary toxicity. In the first 
142 patients, the overall 1-year cardiac mortality 
was 19%, with a 17% arrhythmic mortality (either 
VF or presumed arrhythmic death). Because of this 
relatively high mortality, even with aggressive eval- 
uation, treatment and follow-up, the investigators 
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concluded that all patients who were participants in 
the study should also have an automatic defibrilla- 
tor implanted when possible. Enrollment will con- 
tinue until March 31, 1991, with follow-up for an 
additional year thereafter. This study should pro- 
vide data about the relative efficacy of empirically 
administered amiodarone compared with other 
antiarrhythmic agents guided by electrophysiologic 
study and Holter monitoring. 

(Am J Cardiol 1991;67:578-584) 


out-of-hospital cardiac arrest remain at risk of re- 

currence of cardiac arrest.':* Particularly high- 
risk patients can be identified, as well as patients for 
whom the risk of recurrent cardiac arrest is low.™4 The 
impact of antiarrhythmic drug therapy on prevention of 
the recurrence of cardiac arrest in moderate- to high- 
risk patients is unknown.> 

Some studies have concentrated on patients with re- 
current sustained ventricular tachycardia (VT) who are 
thought to have the substrate for out-of-hospital cardiac 
arrest.” Our patients with out-of-hospital ventricular 
fibrillation (VF) differ from patients with recurrent sus- 
tained VT,”'° although it has been suggested that many 
episodes of VF may be preceded by at least a few sec- 
onds of a more organized VT before the arrhythmia de- 
generates into VF. In Seattle, however, sustained VT is 
rarely identified in cases of out-of-hospital cardiac ar- 
rest.'' The present study examines only patients who 
have had documented out-of-hospital VF. 

The Seattle experience is often used as the basis of 
comparison for other studies because its scope is com- 
munity-wide and is a large population of patients who 
have been resuscitated from VF.'* A relatively high 
success rate of resuscitation is attributable to the high 
incidence of bystander cardiopulmonary resuscitation, 
the rapid arrival time of the first responders and para- 
medics, and early defibrillation attempts.! 

Because of these factors, a substantial number of pa- 
tients have become long-term survivors of out-of-hospi- 
tal VF in Seattle (57 to 117 per year). These patients 
provide an opportunity to evaluate clinical, epidemiolog- 
ic and therapeutic factors responsible for subsequent 
cardiac mortality and morbidity. 

Although it is unknown if any antiarrhythmic drug 
prevents VF, it has been the standard of practice in re- 
cent years to treat most high-risk patients with antiar- 
rhythmic drug therapy. Because of this prevailing opin- 


P atients who are resuscitated from an episode of 


ion, it has not been possible to compare drug therapy 
with placebo. Furthermore, amiodarone has been con- 
sidered to be an effective agent for potentially fatal ven- 
tricular arrhythmias.'? Whether it is superior to other 
antiarrhythmic agents, however, is not known. Because 
of its long half-life, amiodarone can be administered 
simply as a once-daily dosage; however, adverse effects 
are frequent.'* The present study compares amiodarone, 
as an empirically administered antiarrhythmic agent, to 
other antiarrhythmic agents guided by electrophysiolog- 
ic testing and Holter recording. This article outlines the 
experimental protocol and describes preliminary results. 


METHODS 

Two sources provide patients for this study: (1) pri- 
mary events attended by the Medic I paramedic system, 
and (2) tertiary referral from other cities. Medical re- 
ports are completed and filed centrally for all patients 
attended by Seattle’s Medic I system. Reports of pa- 
tients with cardiac arrest are generally available within 
48 hours after the event. Reports of all patients whose 
initial cardiac rhythm was VF are reviewed by the 
Medic I administrative personnel and forwarded to the 
coordinators of the Cardiac Arrest in Seattle: Con- 
ventional Versus Amiodarone Drug Evaluation (CAS- 
CADE) study. Between 200 and 300 cardiac arrests oc- 
cur in Seattle each year, and approximately one-quarter 
to one-third of patients are discharged alive. Thus, some 
50 to 100 patients per year survive an episode of VF and 
recover sufficiently to be considered candidates for this 
study.'> Patients are evaluated at the hospitals to which 
they were admitted and assessed for risk of recurrence 
of VF. Patients for whom the risk of recurrent VF is 
estimated to be 220% in 1 year (primarily patients who 
have not had a Q-wave myocardial infarction with the 
episode of VF) are considered study candidates. Risk 
factors for recurrence of VF are male sex, a remote 
myocardial infarction, a history of remote congestive 
heart failure or depressed left ventricular ejection frac- 
tion, no new Q-wave myocardial infarction with the 
VF,>4 frequent or complex arrhythmias on Holter re- 
cording, or both,!® inducibility at electrophysiologic test- 
ing,!’ and advanced age.'® Patients are approached for 
this study as soon as they are stable and have recovered 
neurologically, up to a maximum of 6 months from the 
VF episode. After 6 months, patients are no longer eligi- 
ble. Study candidates undergo a baseline drug-free 
Holter recording and an electrophysiologic study. If 
they have clinical factors that predict a moderate to 
high risk of VF recurrence and have either inducible VT 
or VF at electrophysiologic study’ or complex arrhyth- 
mias on Holter monitoring, or both, they are considered 
candidates for the study and are approached by 1 of the 
principal investigators or nurse coordinators. Patients 
who agree to enrollment are then randomized either to 
empiric amiodarone therapy or to therapy with other 
antiarrhythmic agents guided by invasive electrophysio- 
logic testing or Holter recording (Figure 1). Random- 
ization occurs after surgery if patients are to be referred 
for any cardiac surgical procedure. Patients are strati- 
fied according to the presence or absence of coronary 
artery disease, ejection fraction >0.30 or <0.30, and 
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presence or absence of prior drug failure. Drug failure is 
defined either as (1) spontaneous sustained arrhythmia 
recurrence with acceptable therapeutic levels of antiar- 
rhythmic drugs (either before or after the VF episode), 
or (2) inducible sustained ventricular tachyarrhythmias 
at electrophysiologic study with acceptable therapeutic 
levels of antiarrhythmic drugs. After randomization, pa- 
tients assigned to the amiodarone arm receive amioda- 
rone “loading,” initially 1,200 mg/day for up to 10 days 
and then 200 to 800 mg (mean 600) orally once a day 
for 1 to 2 months, depending on drug tolerance. Doses 
are then tapered to a maintenance dose of 100 to 400 
mg/day. Patients randomized to conventional therapy 
guided by electrophysiologic testing receive procain- 
amide, quinidine, disopyramide, tocainide, mexiletine, 
encainide, flecainide, propafenone, or combination ther- 
apy, in that order, in doses that achieve predicted thera- 
peutic serum levels, and omitting drugs previously inef- 
fective or that have caused intolerable adverse effects. 
Table I outlines the experimental protocol. 

Successful suppression of arrhythmias is considered 
to be suppression of inducible sustained VT or VF. Wal- 
ler et al!’ suggested that slowing of the induced VT rate 
is also a reasonable measure of adequate protection 
from an antiarrhythmic drug used to prevent cardiac 
mortality, and slowing of the induced VT cycle length 
by 2100 ms was accepted in our protocol as an ade- 
quate end point, if complete suppression of inducible 
VT could not be accomplished with any antiarrhythmic 
drug tried. Only if no suppression or slowing of induci- 
ble VT could be accomplished with any drug or combi- 
nation would a patient be crossed over to amiodarone 
therapy. 

Patients noninducible at the baseline electrophysio- 
logic study (or who did not undergo electrophysiologic 
study for other reasons) but with frequent or complex 
arrhythmias (couplets or ventricular tachycardia), or 


CASCADE 
Protocol 


VF Survivors 


High, Risk 


Low Risk 
(Excluded From Study) 


Stratify 
Randomize 


Amiodarone "Conventional" 


Follow-up 
(Primary Endpoint: Cardiac Mortality) 


FIGURE 1. Protocol for Cardiac Arrest in Seattle: Convention- 
al Versus Amiodarone Drug Evaluation (CASCADE) study. 
High-risk patients who have survived an episode of ventricular 
fibrillation (VF) are stratified and randomized to receive either 
empiric amiodarone or therapy with other antiarrhythmic 
agents guided by electrophysiologic testing. 
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12, 24, 
Baseline | Month Months Months 36 Months 
History, physical 
exam 
Electrocardiogram XO 
Chest x-ray 
Serum levels for 
antiarrhythmic 
drug 
Holter recording XO XO 
Electrophysiologic XO 
study X with drug 
Electrolytes / XO 
complete blood 
count 
Radionuclide XO 
ventriculogram 
Slit lamp exam 
Thyroid-stimulating 
hormone 
Diffusing capacity 
Quality of life 
questionnaire 


X with drug X 


* At 12, 18, 24, 30 and 36 months. 
O = amiodarone therapy; X = conventional therapy. 


both, on Holter recording have drugs and dosages ad- 
justed based on response determined by Holter record- 
ing. Successful suppression of Holter ectopy was consid- 
ered to be 270% suppression of ventricular premature 
complexes and 290% suppression of runs of VT.” Pa- 
tients who have neither a positive electrophysiologic 
study nor complex arrhythmias on Holter monitoring 
are not included in this study, because of the absence of 
a marker for adjustment of therapy for antiarrhythmic 
drugs. 

End points, statistics and data analysis: Because of 
the difficulty and potential bias in assigning the cause of 
death (arrhythmic vs nonarrhythmic) to patients in this 
study,*! and because the study is not blinded with re- 
spect to the drug assignment, the primary end point of 
the study is total cardiac mortality. Total cardiac mor- 
tality is an end point difficult to misclassify and includes 
sudden arrhythmic cardiac deaths, documented resusci- 
tated out-of-hospital VF, and nonarrhythmic cardiac 
death. Patients are also considered to have reached the 
primary end point if they have a documented episode of 
out-of-hospital cardiac arrest with VF (but not VT) 
from which they are resuscitated. Secondary end points 
to be evaluated are arrhythmic mortality (including pa- 
tients resuscitated from documented VF), total mortali- 
ty, nonarrhythmic cardiac death, total arrhythmia re- 
currence (including sustained VT), ventricular ectopic 
activity and VT on Holter monitoring, adverse effects, 
length of hospital stay, cost of therapy, ease of therapy, 
quality of life, rehospitalization rates, compliance, ces- 
sation of therapy, crossing over to alternate therapy, 
and loss of patients to follow-up. Patients are analyzed 
by intention to treat, remaining in their randomization 
group even if they discontinue the drug or cross over to 
the alternate therapy. 
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At the time of the study design (1982), the automat- 
ic implantable cardioverter/defibrillator was not com- 
monly used because it was still experimental,?? and it 
was expected to have only a minor impact on this study. 
Nevertheless, other end points had to be defined before 
the initiation of the study for patients in whom an auto- 
matic implantable cardioverter/defibrillator was used. 
We arbitrarily defined a syncopal episode followed by 
an automatic defibrillator shock as the equivalent of a 
cardiac arrest and therefore a qualifying primary end 
point for this study. Symptoms of dizziness, dyspnea, 
palpitations or near-syncope followed by an automatic 
defibrillator shock would not be counted as an episode 
of VF, and an automatic defibrillator shock unaccom- 
panied by symptoms would also not be counted as the 
CASCADE primary end point of cardiac mortality. 
This set of definitions for patients with the automatic 
implanted cardioverter/defibrillator might decrease the 
number of actual primary end points counted, if one 
assumes that the device might activate and convert a 
potentially fatal arrhythmia before the patient develops 
syncope. Nevertheless, without a record of events avail- 
able from a memory device built into the unit itself, it is 
impossible to document VF as the inciting event for the 
automatic implanted cardioverter/defibrillator shock, 
and we prefer to err on the side of undercounting 
events. 

If a patient were to die from amiodarone pulmonary 
toxicity, it would be counted as a “cardiac” death in this 
study, because it would be a death directly related to 
the cardiac condition and its treatment.?3 

The null hypothesis of this study states that there 
is no difference in mortality between patients treated 
with amiodarone and patients treated with conventional 
agents. Overall mortality in this high-risk group is ex- 
pected to be 40% at 2.5 years, 29% arrhythmic and 11% 
nonarrhythmic.!~* Our proposed alternative to the null 
hypothesis is that amiodarone decreases arrhythmic 
mortality from 29 to 10% and that it does not affect 
nonarrhythmic mortality. Assuming 124 patients in 
each group, the power to detect a decrease in arrhyth- 
mic mortality from 29 to 10% in the amiodarone group 
is 0.91. Data are analyzed with standard multivariate 
analysis, and life-table survival curves. 

Our original intention was to analyze survival in 
the CASCADE study every 6 months. If the difference 
in survival between the amiodarone and conventional 
groups was markedly different (p <0.01), the study 
would be terminated prematurely. At the third analysis 
on October 1, 1988, we instituted a revised monitoring 
plan, which used a more conservative stopping rule. Be- 
cause enrollment was slightly behind schedule, and be- 
cause the event rate was slightly lower than predicted, 
we decided to analyze the data only 3 more times be- 
tween October 1, 1988, and March 31, 1991, the pro- 
jected date of the end of patient enrollment. Analyses 
would occur at the 30th, 40th and 50th deaths among 
conventional patients. Therefore, the fourth analysis of 
survival would occur at the 30th death among patients 
treated with conventional agents, the fifth at the 40th, 
and the sixth at the 50th. The schedule assumed a 40% 


TABLE Il Baseline Characteristics of the 199 Patients 


Total (%) 
(n= 199) 


176 (88) 
62+ 10 
161 (81) 
130 (81) 

38 (19) 

89 (45) 

88 (44) 
112 (56) 
0.35 +0.15 
70/155 (45) 


Characteristic 


Male gender 
Age (yr) 
Coronary artery disease 
Prior myocardial infarction 
Non-coronary artery disease 
Congestive heart failure 
Prior drug failure? 
Prior cardiac surgery? 
Left ventricular ejection fraction 
VT or VF inducible at baseline 
electrophysiology study 
Baseline Holter recording 
VPCs/hour 181 +247 
Complex VPCs 150/168 (89) 
VT 91/168 (54) 
Drugs 
Digitalis 
Diuretics 
Beta blockers 
Nitrates 
Antihypertensives 
Calcium antagonists 
Automatic implantable 
cardioverter / defibrillator 


70 (36) 
89 (45) 
23 (12) 
37 (19) 
48 (24) 
38 (19) 
95 (48) 


* All p >0.05, amiodarone versus conventional groups. 


Conventional 
Therapy* (%) 
(n= 101) 


87 (86) 
62+11 
80 (79) 
61 (76) 
21 (21) 
42 (42) 
46 (46) 
56 (55) 
0.36+0.14 
37 (47) 


Amiodarone 
Therapy* (%) 
(n = 98) 


89 (91) 
62410 

81 (83) 

69 (85) 

17 (17) 

47 (48) 

42 (43) 

56 (57) 
0.35+0.15 
33 (43) 


215+ 282 
74/83 (89) 
45/83 (54) 


149 + 203 
76/85 (89) 
46/85 (54) 


32 (33) 
41 (42) 
8 (8) 
19 (20) 
21 (22) 
20 (21) 
46 (47) 


38 (38) 
48 (48) 
15(15) 
18 (18) 
27 (27) 
18 (18) 
49 (49) 


t Either (1) spontaneous sustained arrhythmias with adequate dose and serum level of drug, before or after index ventricular fibrillation event, or (2) inducible sustained 
arrhythmia with adequate dose and serum level of drug at electrophysiologic testing after index ventricular fibrillation event. 
+ Cardiac surgery either (1) before index ventricular fibrillation event or (2) between index ventricular fibrillation event and randomization. 


5 In 2 patients, baseline data are incomplete (n = 197: 97 amiodarone, 100 conventional). 


VF = ventricular fibrillation; VPC = ventricular premature complex; VT = ventricular tachycardia. 





mortality, with a target enrollment of 124 patients in 
each group. Standard statistical methods** ’’ for 6 anal- 
yses and an overall 2-sided p <0.05 indicate p <0.002 
as the stopping rule at analyses 4 and 5, and p <0.05 
for statistical significance at the sixth analysis. Because 
the 3 earlier analyses of the data had a more liberal 
stopping rule, we will have “spent” >0.01 but <0.03 of 
the 0.05 type I error by the last analysis. Thus, a test 
nominally significant at 0.05 at the last analysis will 
have actual significance somewhat >0.06. If the trial 
goes to full term, the actual significance level will be 
computed by a randomization test. 


RESULTS 

By October 1988, 142 patients had been randomized 
and, by May 1990, 199 patients had been randomized. 
An additional 33 patients were considered for this study 
because of clinical factors suggesting a high risk of re- 


Conventional n = 101 


Flecainide 11 
Propafenone 1 
Combinations 12 

Beta blocker only 1 

Crossed over to amiodarone 3 
None 5 


Quinidine 31 
Procainamide 23 
Disopyramide 3 
Tocainide 4 
Mexiletine 7 
Encainide (0) 
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currence of VF, but they had normal Holter recordings 
and electrophysiologic studies and were thus excluded 
from participation. The randomization process has suc- 
cessfully achieved equality in the amiodarone and the 
conventional groups with respect to all baseline charac- 
teristics (Table II). The clinical and demographic char- 
acteristics of patients in this series are similar to other 
series reported for survivors of out-of-hospital VF,'~* ex- 
cept that our current population has more prior drug 
failure and prior cardiac surgery. Electrophysiologic 
testing revealed inducible VT or VF in 70 of 155 (45%) 
of patients tested. In patients treated with conventional 


TABLE IV Patient Enrollment 


Randomization Group 


EF <0.30 Drug Failure* 


00++004 +4 
O+ 040404 


+ 
+ 
+ 
+ 
0 
0 
0 
0 


* Either (1) spontaneous sustained arrhythmia with adequate dose and serum 
level of drug, before or after the index ventricular fibrillation event, or (2) inducible 
sustained arrhythmia with adequate dose and serum level of drug at electrophysio- 
logic testing after index ventricular fibrillation event. 

A = amiodarone; C = conventional therapy; CAD = coronary artery disease; EF = 
ejection fraction; + = present; 0 = absent. 








drugs, 37 of 78 (47%) could be guided by the results of 
electrophysiologic testing. No patients were lost to fol- 
low-up, and only 8 patients in each group crossed over 
to the alternative therapy. Most conventionally treated 
patients received quinidine (Table III). Fifty-seven of 
the initial 142 patients (40%) also received the automat- 
ic implantable cardioverter /defibrillator. The implanta- 
tion rate has increased from 11% in 1984 to 73% in 
1990. Randomization groups are listed in Table IV. 
The dose of amiodarone was progressively decreased 
throughout the course of follow-up (Figure 2), with ad- 
justment based on adverse effects, changes in the 12- 
lead electrocardiogram, and Holter recordings. No pa- 
tients were discharged while receiving any combination 
of amiodarone and conventional agents. Patients re- 
ceived relatively low doses of amiodarone (229 + 128 
mg/day after the initial 3 months of decreasing doses) 
in an attempt to avoid serious side effects. Pulmonary 
toxicity was nevertheless not rare: 7% at 1 year and 11% 
at 3 years. No patient died of pulmonary toxicity. Pul- 
monary toxicity resolved slowly after amiodarone was 
discontinued, and most patients were left with residual 
impairment of exercise tolerance or pulmonary diffusing 
capacity, or both. One patient stopped amiodarone be- 
cause of mental status changes, probably unrelated to 
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FIGURE 2. Average dose of amiodarone. Initially high doses 
were tapered to a mean maintenance dose of 170 + 73 mg/ 
day at 2 years. 
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FIGURE 3. Total cardiac mortality in CASCADE. Percent sur- 
vival is plotted versus time. The primary end point is any car- 
diac death or cardiac arrest, resuscitated or not. Recurrent 
sustained ventricular tachycardia is not counted as an end 
point in this analysis, even if it results in temporary loss of 
consciousness. 
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amiodarone. No other potentially serious neurotoxicity 
was identified with these doses of amiodarone. 

The primary end point of the study, total cardiac 
mortality, was 19% at 1 year and 44% at 3 years (Fig- 
ure 3) in the initial 142 patients analyzed in October 
1988. These percentages do not include patients who 
experienced only recurrent sustained VT. Seventeen 
percent of the 142 patients at 1 year and 35% of pa- 
tients at 3 years (Figure 4) had “fatal” sustained ar- 
rhythmic events (sudden arrhythmic death and resusci- 
tated out-of-hospital VF). 


DISCUSSION 

This report outlines the protocol of a study compar- 
ing treatment of high-risk survivors of out-of-hospital 
VF with either (1) empiric amiodarone therapy or (2) 
other antiarrhythmic drug therapy guided, when possi- 
ble, by electrophysiologic testing, the so-called “conven- 
tional” treatment. The enrollment goal for this study is 
248 patients by March 31, 1991. All patients in this 
study have a high risk of recurrent VF, and no patient 
with a Q-wave myocardial infarction at the time of ini- 
tial out-of-hospital VF is included. All patients are 
treated with antiarrhythmic drugs. The preliminary re- 
port of the Cardiac Arrhythmia Suppression Trial in 
1989 raised questions about the usefulness of antiar- 
rhythmic drug therapy, but tested a very different pa- 
tient population.?8 It was considered unreasonable to 
treat high-risk VF survivors with a placebo when our 
study was designed in 1982. It is possible that drug ther- 
apy might worsen outcome in patients with a history of 
VF who have a high risk of recurrence, but the only 
way that a study could be performed ethically with a 
placebo would be to implant the automatic implantable 
cardioverter /defibrillator in all patients and treat half 
with a drug and half with a placebo. Such a device- 
based protocol was not feasible when the CASCADE 
study was begun, because the device itself was still ex- 
perimental. Only such a study will reveal if a drug is 
better than a placebo. However, in order to perform 
such a study, it will be necessary to know which is an 
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FIGURE 4. Recurrence of cardiac arrest, resuscitated or not, 
in CASCADE. Percent survival is plotted versus time. Patients 
are censored for noncardiac death and nonarrhythmic cardiac 
death. Recurrent sustained ventricular tachycardia is not 
counted as an end point in this analysis, even if it results in a 
temporary loss of consciousness. 
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effective antiarrhythmic strategy to compare against 
placebo. At the end of the CASCADE study, with 
knowledge of an effective approach to drug therapy, it 
may be possible to design such a study. By then, defi- 
brillators with memory storage of cardiac rhythm may 
be available, making interpretation of shocks more ac- 
curate. 

Low-dose amiodarone has proved to be a relatively 
safe treatment, with an acceptable incidence of serious 
pulmonary toxicity or neurotoxicity. Although it is pos- 
sible that more patients could develop amiodarone-in- 
duced pulmonary toxicity as the study progresses, an 
incidence of 11% at 2 years seems tolerable in this high- 
risk patient population. To date, no patients have died 
of amiodarone-induced pulmonary toxicity. 

This study highlights the difficulty in interpreting 
events in the presence of an automatic implanted car- 
dioverter/defibrillator that does not store information 
about the rhythm shocked. It is quite possible that if the 
device functions before the time that a patient loses con- 
sciousness, events that would otherwise have been fatal 
would not be counted as end points in the CASCADE 
study. Nevertheless, we decided that loss of conscious- 
ness followed by an automatic defibrillator shock proba- 
bly represents a serious arrhythmic event that should be 
counted in the total cardiac mortality category. At the 
final analysis of the CASCADE study, all automatic 
defibrillator shocks will also be separately analyzed with 
respect to the 2 drug treatment groups. 

With the enrollment of nearly half of the patients 
anticipated in the study, it became obvious that total 
cardiac mortality and sudden arrhythmic cardiac mor- 
tality were much higher than reported for a series of 
patients with the implanted automatic defibrillator.’ 
Although such series are not necessarily comparable 
with the Seattle population, we believed that an ar- 
rhythmic event rate of 17% at 1 year and 35% at 3 
years with aggressively monitored drug therapy was too 
high, even though the drug therapy was chosen by what 
were thought to be the best possible indicators of suc- 
cessful drug therapy—namely, electrophysiologic test- 
ing and frequent Holter recording. In addition, patients 
were followed at close intervals, and drug therapy was 
monitored intensely at follow-up, with serum drug lev- 
els, Holter monitors and assessment of symptoms. Nev- 
ertheless, with such a high percentage of patients having 
VF at follow-up, we changed the protocol to include 
automatic defibrillator implantation in all patients in 
whom it was surgically feasible. Since that decision, 
67% of patients have had the device implanted, com- 
pared with 40% before October 1988. 
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SYSTEMIC HYPERTENSION 





Relation of Cardiac Output at Rest and During 
Exercise to Age in Essential Hypertension 


Robert Fagard, MD, PhD, and Jan Staessen, MD, PhD 


It has been suggested that the decline of cardiac 


output with age is due to increased prevalence of 
disease, particularly occult coronary artery disease. 
Therefore, the relation of cardiac output (direct 
oxygen Fick method) to age was analyzed in 110 
sixteen- to 64-year-old men with World Health Or- 
ganization stage I or Il essential hypertension at 
the time of the hemodynamic study, who were alive 
and free of cardiovascular complications 7 years 
later. At supine and seated rest, during upright bi- 
cycle exercise at 50 W and at peak work load, car- 
diac output was inversely (p <0.01) related to age. 
These relations were independent of weight and 
mean intraarterial pressure. Stroke volume de- 
creased with advancing age at supine rest, but not 
at rest and during exercise in the seated position. 
Heart rate was not affected by age in the supine 
position, but was slower in older patients during 
upright rest and at peak exercise. In conclusion, in 
patients with essential hypertension who remained 
free of cardiovascular complications for 7 years, 
cardiac output was independently and inversely re- 
lated to age at various levels of activity. These find- 
ings suggest that occult cardiovascular disease 
does not explain the decline in cardiac output with 
age in patients with essential hypertension. 

(Am J Cardiol 1991;67:585-589) 
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patients with essential hypertension, at rest!-6 

and during exercise.®-’ Similar observations have 
been reported in normotensive subjects.>48-!15 However, 
in active community dwellers in whom occult coronary 
artery disease was virtually excluded, aging was not as- 
sociated with a decline in cardiac output at rest!®!’ and 
during effort.!© Because hypertension is a cardiovascu- 
lar risk factor, the lower cardiac output in the older hy- 
pertensive patients could be due to latent complications 
of hypertension. To test this hypothesis, we analyzed he- 
modynamic data obtained at rest and during exercise in 
patients with essential hypertension, classified as World 
Health Organization stage I or II at the time of the 
investigation, who were alive and free of cardiovascular 
disease 7 years after the hemodynamic study. It is rea- 
sonable to assume that the observations on cardiac out- 
put were not influenced by occult cardiovascular com- 
plications or other diseases. Furthermore, the possible 
confounding effect of blood pressure, per se, on the age- 
related decline of cardiac output™!7-?! was studied with 
multiple regression analysis. 


(Cris output decreases with advancing age in 


METHODS 

Study population: The present analysis includes 
male patients who were referred, mostly by family phy- 
sicians, to the Hypertension Unit of the University Hos- 
pitals of Leuven between 1972 and 1982, and who un- 
derwent a hemodynamic study at rest and during exer- 
cise. The routine investigation included history, clinical 
examination, appropriate laboratory tests, eye-fundus 
examination, electrocardiography at rest (and at exer- 
cise in case of a history of angina pectoris), pulmonary 
function tests, intravenous urography and renal arteri- 
ography when indicated. Patients were excluded when a 
specific cause of hypertension could be detected, or 
when World Health Organization stage III organ dam- 
age was present at the time of the investigation. Patients 
with evidence of ischemic heart disease, heart failure, 
claudication, cerebrovascular accident or renal insuffi- 
ciency were thus excluded. No patient had valvular 
heart disease. All patients were in sinus rhythm and 
none had evidence of pulmonary disease. Patients had 
never been treated for high blood pressure or had their 
antihypertensive medication stopped for 22 weeks. 

After the baseline examination, patients were re- 
ferred to their usual source of care. The vital status of 
the patients was determined in 1989 through contacts 
with municipal authorities. Causes of death were ascer- 
tained from contacts with physicians or family mem- 
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bers, or both, and from hospital files and autopsy re- 
ports if available. The health status of living patients 
was determined by extensive questionnaires filled out by 
physicians or, in case of nonrespondents, by shorter 
questionnaires filled out by patients; if necessary, pa- 
tients were contacted by telephone. In addition, the 
charts of patients followed at the University Hospitals 
in Leuven were checked for possible events. When car- 
diovascular events had occurred, the responsible physi- 
cians were contacted and all available documents con- 
cerning the events were checked. Events were coded ac- 
cording to the Ninth Revision of the International 
Classification of Diseases. The following events were 
considered: death, myocardial infarction, cerebrovascu- 
lar accident, heart failure, angina pectoris, transient 
ischemic attack and intermittent claudication. 

The hemodynamic study was performed in 124 pa- 
tients with essential hypertension. In the subsequent 7 
years, 8 patients died and 6 had a nonfatal cardiovascu- 
lar complication. The present analysis was restricted to 
the remaining 110 patients. 

Hemodynamic study: All hemodynamic measure- 
ments were performed in the morning in the same labo- 
ratory, where room temperature was 18 to 22°C, a few 
days after hospital admission. Patients gave informed 
consent after the nature of the procedures had been ex- 
plained. The brachial artery was cannulated to measure 
intraarterial pressure and to sample arterial blood. A 
venous catheter (Swan-Ganz, 93.110.5Fr) was intro- 
duced in the antecubital vein and positioned in the pul- 
monary artery to sample mixed venous blood. Pressures 
were registered on a Mingograph 81 recorder. Uptake 
of oxygen and carbon dioxide output were measured 
continuously by the open-circuit method (standard tem- 
perature pressure dry). Minute-volume (body tempera- 
ture pressure saturated) was determined by a pneumo- 
tachograph, and oxygen and carbon dioxide concentra- 
tions by a paramagnetic and an infrared gas analyzer, 
respectively. Cardiac output (liters/min) was deter- 
mined by the direct oxygen Fick method. Systemic vas- 
cular resistance was calculated from mean brachial ar- 
tery pressure, obtained by electrical damping, and car- 
diac output. Heart rate (beats/min) was recorded from 
the electrocardiogram. Stroke volume (ml) was calcu- 
lated from cardiac output and heart rate. 

A first set of measurements was obtained during su- 
pine rest, 30 minutes after the technical procedures. The 
patients were then seated on an electromagnetically 
braked bicycle ergometer and the rest sitting measure- 
ments were obtained 10 minutes later. A graded unin- 
terrupted exercise test was then started at a work load 
of 20 W for 4 minutes and the load was increased by 30 
W every 4 minutes until exhaustion. Cardiac output 
was determined at supine and sitting rest, at every other 
step during exercise and at the final work load; during 
exercise, cardiac output was determined during the last 
minute.???3 

Statistical analysis: Data are reported as mean + 
standard deviation. At supine and seated rest, at 50 W 
and at peak work load, the hemodynamic variables were 
related to age in single regression analysis. In a sec- 
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ond step, multiple regression analysis was used to test 
whether the associations of cardiac output and stroke 
volume with age were independent of weight and mean 
brachial artery pressure. 


RESULTS 

Patient characteristics: The age of the 110 men av- 
eraged 33 years (range 16 to 64). They had never been 
treated for high blood pressure (40%), or antihyperten- 
sive treatment had been stopped for an average of 5 
weeks (range 2 to 28). The percentage of patients who 
had been receiving diuretics was 63%; 63% were receiv- 
ing blockers; 36% were receiving centrally active 
drugs, and various other drugs had been used by 20% of 
the patients. Mean weight was 78.3 + 11.7 kg with a 
mean height of 175 + 7 cm. Blood pressure on admis- 
sion averaged 169 + 26/106 + 20 mm Hg, and intraar- 
terial pressure 30 minutes after supine rest averaged 
153 + 24/83 + 16 mm Hg. At supine rest, cardiac 
output averaged 7.8 + 1.8 liters/min, heart rate 77 + 
13 beats/min and stroke volume 104 + 27 ml. Cardiac 
output decreased in the seated position to 6.3 + 1.4 li- 
ters/min and increased with exercise, reaching 17.8 + 
4.1 liters/min at peak work load (169 + 43 W). Peak 
heart rate averaged 176 + 22 beats/min, oxygen uptake 
2.4 + 0.6 liters/min and the respiratory exchange ratio 
1.06 + 0.11. 

Single regression analysis (Table l, Figure 1): AT 
REST Cardiac output was inversely related to age in 
both the supine and sitting positions. Stroke volume in 
the supine position and heart rate in the seated position 
were negatively correlated with age. Oxygen uptake was 
inversely and arteriovenous oxygen content difference 
positively related to age in each position. Systemic vas- 
cular resistance increased with age. 

AT SUBMAXIMAL EXERCISE: At the fixed work load of 
50 W, cardiac output declined significantly with ad- 
vancing age. Heart rate and stroke volume tended to 
decrease, but these relations were not statistically signif- 
icant. Older age was associated with a decreased oxygen 
consumption and a higher arteriovenous oxygen content 
difference. Systemic vascular resistance was lower dur- 
ing exercise than at rest, but remained positively associ- 
ated with age. 

AT PEAK EXERCISE: The inverse correlations of cardiac 
output, heart rate and oxygen uptake with age were 
highly significant. Peak stroke volume, however, was 
not affected by age. Older age was associated with a 
significantly higher systemic vascular resistance. Peak 
work load (W) decreased with advancing age (219 — 
1.5 X age; r = —0.41; p <0.001). The peak respiratory 
exchange ratio was not related to age (r = —0.10; p= 
0.29). Mean pulmonary artery and capillary wedge 
pressures could be measured at peak exercise in 102 and 
84 patients, respectively, and were not significantly re- 
lated to age (r=0.03, p=0.78, and r=0.02, p= 
0.86). 

Multiple regression analysis: Adjustment for weight 
and mean brachial artery pressure did not materially 
alter the regression coefficients of the relations of cardi- 
ac Output and stroke volume to age. At supine and seat- 


TABLE I Intercept, Regression Coefficient (Slope) and Correlation Coefficient of the Relations Between Various Hemodynamic 
Variables and Age at Supine and Sitting Rest, at 50 W and at Peak Exercise 


Exercise 


Peak 


Cardiac output (liters / 10.1 —0.45t i 3. -—0.062 —0.29' 

min) 
Heart rate (beats /min) 81 —0.13 | —0.24 -0.16 203 
Stroke volume (ml) 128 —0.32* 80. -0.33 -0.15 107 —0.13 
Oxygen uptake (ml/min) 367 —0.35+ 1,065 —2.48  -0.25' 3,030 —19.8 
(A—V)O> diff. (ml / liter) +0.301 X 76.7 +0.29 +0.25t 144 —0.29 
MBAP (mm Hg) +0.18 103 112 +0.40 +0.23* 119 +0.48 
SVR (mm Hg /liter /min) +0.41}? 12.3 7.56 +0.11 0.42 5.16 +0.087 
* p <0.05; ' p <0.01; * p <0.001. 


a = intercept; b = slope; (A—-V)O> diff. = arteriovenous oxygen content difference; MBAP = mean brachial artery pressure; r = correlation coefficient; SVR = systemic vascular re- 
sistance. 


SEATED REST 


Y = 7.64 — 0.042 x X 
r= —036;P < 0.001 
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FIGURE 1. Relation between cardiac out- 
put (liters/min) and age (years) at rest in 


E T PEAK EXERCISE 


Y= 214 -01xxX 
r= —032;P < 0.001 
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CARDIAC OUTPUT (l/min) 


AGE (yr) 
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ed rest, at 50 W and at peak work load, these regression 
coefficients were, respectively, —67, —45, —68 and 
—118 ml/min (p <0.001 for all) for cardiac output, and 
—0.62 (p <0.01), —0.16 (difference not significant), 
—0.26 (difference not significant) and —0.10 ml (differ- 
ence not significant) for stroke volume. 


DISCUSSION 

The results of the cross-sectional post-hoc analysis of 
the Baltimore Longitudinal Study on Aging!® caused 
much debate because, unlike most other previous stud- 
ies of normal subjects,>48-!5 cardiac output at rest and 
during exercise did not decrease with advancing age. 
Differences with previous studies were the noninvasive 
techniques used to assess cardiac output and the selec- 
tion of the subjects. They had to be physically active 
and free from cardiovascular disease, as evidenced by a 
normal electrocardiogram, myocardial scintigram and 
ventriculogram during exercise. These results were con- 
firmed for cardiac output at rest, using the invasive dye 
dilution method in a population with similar character- 
istics.'© The majority of studies in normal humans, how- 
ever, reported a decrease of cardiac output with advanc- 
ing age, both at rest and during exercise. 

In patients with hypertension, cardiac output was 
found to decrease with advancing age.'~’ Because hy- 
pertension is a risk factor, hemodynamic studies in hy- 
pertensive patients could be confounded by undetected 
cardiovascular lesions. In the present study, we hypothe- 
sized that it is unlikely that subclinical disease influ- 
enced the hemodynamic data, because only patients 
classified as World Health Organization stage I or II at 
the initial investigation and who were alive and free of 
cardiovascular complications 7 years later were includ- 
ed in the analysis. Cardiac output was inversely related 
to age at rest, at submaximal exercise and at peak exer- 
cise, and these relations were independent of weight and 
of mean brachial artery pressure. 

Cardiac output can be analyzed as the product of 
heart rate and stroke volume or as the ratio of oxygen 
uptake on the arteriovenous oxygen difference. At su- 
pine rest the decline of cardiac output with age was 
based on a decrease in stroke volume, whereas in the 
seated position, heart rate was significantly reduced in 
older patients. Oxygen uptake at rest decreased with 
age, suggesting that part of the lower cardiac output 
can be explained by the lower metabolic needs of the 
aging body. However, the wider arteriovenous oxygen 
difference at higher ages indicates that the flow of 
blood to the tissues is inadequately low and that the 
oxygen demand of the periphery is satisfied by an in- 
creased peripheral oxygen extraction. The observations 
on the age relations of cardiac output, oxygen uptake 
and the arteriovenous oxygen difference at the fixed 
submaximal work load of 50 W were similar to the data 
at rest. 

Peak cardiac output was significantly lower in older 
patients. Because the arteriovenous oxygen difference at 
peak exercise was not related to age, the reduced cardi- 
ac output can be ascribed to the lower peak oxygen up- 
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take and exercise capacity. As in many other studies, 
peak heart rate declined with age. Despite the lower 
work load achieved, older subjects reached the same 
peak stroke volume as younger ones, but stroke volume 
did not increase to an extent that it could overcome the 
lower heart rate. The pulmonary wedge pressure at 
peak exercise was not altered by age. This, together 
with the observation that the decrease of cardiac output 
with age was related to heart rate and not to stroke 
volume, suggests that the decrease in peak cardiac out- 
put with age cannot be explained by impaired left ven- 
tricular function. 

Study limitations: Data were collected in hyperten- 
sive patients <65 years, so that no inference can be 
drawn for normal subjects and older patients. Although 
it is likely that the selected patients were free of occult 
cardiovascular disease at the time of the hemodynamic 
study, there is no definite proof for this assertion. None 
of the patients trained extensively, but differences in ha- 
bitual physical activity, which was not assessed in detail, 
could have contributed to the differences between youn- 
ger and older patients. 


Acknowledgment: We gratefully acknowledge the 
secretarial assistance of Nicole Ausseloos and the tech- 
nical assistance of Jos Delsupehe, Tine Mussen and Ju- 
lien Romont. 


REFERENCES 

1. Weiss YA, Safar ME, London GM, Simon AC, Levenson JA, Milliez PM. 
Repeat hemodynamic determinations in borderline hypertension. Am J Med 
1978;64:382-387. 

2. Messerli FH, Frohlich ED, Suarez DH, Reisin E, Dreslinski GR, Dunn FG, 
Cole FE. Borderline hypertension: relationship between age, hemodynamics and 
circulating catecholamines. Circulation 1981;64:760-764. 

3. Messerli FH, Sundgaard-Riise K, Ventura HO, Dunn FG, Glade LB, Frohlich 
ED. Essential hypertension in the elderly: haemodynamics, intravascular volume, 
plasma renin activity, and circulating catecholamine levels. Lancet 1983;2:983- 
986. 

4. London GM, Safar ME, Sassard JE, Levenson JA, Simon AC. Renal and 
systemic hemodynamics in sustained essential hypertension. Hypertension 1984; 
6:743-754. 

5. Izza JL, Smith RJ, Larrabee PS, Kallay MC. Plasma norepinephrine and age 
as determinants of systemic hemodynamics in men with established essential 
hypertension. Hypertension 1987;9:415-419. 

6. Lund-Johansen P. The hemodynamics of the aging cardiovascular system. J 
Cardiovasc Pharmacol \988;12(suppl 8):S20-S30. 

7. Amery A, Julius S, Whitlock LS, Conway J. Influence of hypertension on the 
hemodynamic response to exercise. Circulation 1967;36:23 1-237. 

8. Brandfonbrener M, Landowne M, Shock NW. Changes in cardiac output with 
age. Circulation 1955;12:557-566. 

9. Granath A, Jonsson B, Strandell T. Circulation in healthy old men, studied by 
right heart catheterization at rest and during exercise in supine and sitting posi- 
tion. Acta Med Scand 1964;176:425-446. 

10. Julius S, Amery A, Whitlock LS, Conway J. Influence of age on the hemody- 
namic response to exercise. Circulation 1967;36:222-230. 

11. Conway J, Wheeler R, Sannerstedt R. Sympathetic nervous activity during 
exercise in relation to age. Cardiovasc Res 1971;5:577-581. 

12. Kuikka JT, Lansimies E. Effect of age on cardiac index, stroke index and left 
ventricular ejection fraction at rest and during exercise as studied by radiocardi- 
ography. Acta Physiol Scand \982;114:339-343. 

13. Leithe ME, Hermiller JB, Magorien RD, Unverferth DV, Leier CV. The 
effect of age on central and regional hemodynamics. Gerontology 1984;30:240- 
246. 

14. Hossack KF, Bruce RA. Maximal cardiac function in sedentary normal men 
and women: comparison of age-related changes. J Appl Physiol 1982;53:799- 
804. 


15. Higgenbotham MB, Morris KG, Williams RS, Coleman E, Cobb FR. Physi- 
ologic basis for the age-related decline in aerobic work capacity. Am J Cardiol 
1986;57:1374-1379. 

16. Rodeheffer RJ, Gerstenblith G, Becker LC, Fleg JL, Weisfeldt ML, Lakatta 
EG. Exercise cardiac output is maintained with advancing age in healthy human 
subjects: cardiac dilatation and increased stroke volume compensate for a dimin- 
ished heart rate. Circulation 1984;69:203-213. 

17. Kawamoto A, Shimada K, Matsubayaski K, Chikamori T, Kuzume O, 
Ogura H, Ozawa T. Cardiovascular regulatory functions in elderly patients with 
hypertension. Hypertension 1989;13:401-407. 

18. Taylor SH, Donald KW, Bishop JM. Circulatory studies in hypertensive 
patients at rest and during exercise. Clin Sci 1957;16:351-374. 

19. Sannerstedt R. Hemodynamic findings at rest and during exercise in mild 


THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 15, 1991 


arterial hypertension. Am J Med Sci 1969;258:70-79. 

20. Terasawa F, Kuramoto K, Ying LH, Suzuki T, Kuramochi M. The study on 
the hemodynamics in old hypertensive subjects. Acta Gerontol Jpn 1972;56:47- 
55. 

21. Fagard R, Staessen J, Amery A. Maximal aerobic power in essential hyper- 
tension. J Hypertens 1988;6:859-865. 

22. Fagard R, Amery A, Reybrouck T, Lijnen P, Billiet L. Response of the 
systemic and pulmonary circulation to alpha- and beta-receptor blockade (labeta- 
lol) at rest and during exercise in hypertensive patients. Circulation 1979; 
60:1214-1219. z 

23. Fagard R, Bulpitt C, Lijnen P, Amery A. Response of the systemic and 
pulmonary circulation to converting-enzyme inhibition (captopril) at rest and 
during exercise in hypertensive patients. Circulation 1982;65:33-39. 








= Faa Z7 T pm Tad Fe 
USGS Ve a ee 
y > * ‘>. h - ots | / of 


= 
& 





ssl ceca 


Th a 


fay ies F 


TOR p 


ik Aah 
' 





Comparison of the Effects of Guanadrel Sulfate 
and Propranolol on Blood Pressure, Functional 
Capacity, Serum Lipoproteins and Glucose in 
Systemic Hypertension 


Linda L. Darga, PhD, Mark J. Hakim, MA, Charles P. Lucas, MD, and Barry A. Franklin, PhD 


In a controlled, double-blind, crossover study, the 


effects of guanadrel sulfate and propranolol on 
blood pressure (BP) and selected cardiopulmonary 
and metabolic variables were compared in 15 phys- 
ically active and moderately hypertensive subjects. 
Guanadrel sulfate reduced systolic and diastolic BP 
at rest by —16 and —15 mm Hg, and at maximal 
exercise by —33 and —13 mm Hg, respectively 
(p <0.005), without affecting submaximal oxygen 
consumption ( VO2), maximal VO2, ventilatory 
threshold, forced vital capacity, forced expiratory 
volume in 1 second, or fatigue, as assessed by per- 
ceived exertion. In contrast, propranolol significant- 
ly decreased diastolic BP at rest (-16 mm Hg) and 
systolic BP at maximal exercise (—44 mm Hg); 
however, it significantly decreased submaximal 
VO2 (—3.9 ml-kg~?-min-! ), maximal VO>2 (—3.9 
ml-kg-!-min~*), ventilatory threshold (—0.3 liters 
-‘min~!), minute ventilation at submaximal exercise 
(—7.3 liters-min~‘), forced expiratory volume in 1 
second (—0.27 liters), and concomitantly increased 
the rating of perceived exertion at maximal exer- 
cise (1.9 U). Guanadrel sulfate was also associated 
with significant decreases in mean fasting plasma 
glucose and total serum cholesterol, whereas pro- 
pranolol resulted in an increase in serum triglycer- 
ides (p <0.05). In contrast to propranolol, guana- 
drel sulfate appears to decrease BP without evok- 
ing negative metabolic consequences or impairing 
exercise tolerance. 

(Am J Cardiol 1991;67:590-596) 
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hypertension are being encouraged to participate in 

regular aerobic exercise. -> However, certain antihy- 
pertensive agents, notably 8 blockers, have been shown 
to decrease aerobic capacity,*'! impair physical train- 
ing benefits,*7->-11.12 reduce exercise duration,*:!3-!5 and 
increase the rating of perceived exertion at submaxi- 
mal!’ and maximal exercise levels,> effects that might 
be mediated by the metabolic actions of these drugs on 
intracellular potassium flux,'*:'* energy substrate avail- 
ability,?'*'® or both. Additionally, 8 blockers can 
adversely affect serum lipids and carbohydrate metab- 
olism. !7 

We compared the relative antihypertensive efficacy 
of the nonselective 8 blocker, propranolol, with that of 
guanadrel sulfate, and examined the effects of these 
drugs on selected cardiorespiratory, metabolic and lipid 
variables before, during and after maximal exercise test- 
ing. Whereas propranolol lowers blood pressure (BP), in 
part by decreasing cardiac output, guanadrel sulfate in- 
hibits the release of norepinephrine from presynaptic 
storage sites and depletes this neurotransmitter from 
nerve endings, resulting in relaxation of vascular smooth 
muscle. 


[Freres numbers of medically treated patients with 


METHODS 

Subjects: Fifteen physically active subjects (13 men, 
2 women) with essential hypertension, who had been ex- 
ercising regularly (230 min/day, 3 times/week), were 
recruited by radio and newspaper advertisements. After 
obtaining informed consent, a medical history, physical 
examination, resting electrocardiogram and routine lab- 
oratory tests were obtained, and subjects were instruct- 
ed not to change their diet or exercise habits during the 
4-month duration of the study. Twelve subjects who 
were receiving drug therapy were weaned from their an- 
tihypertensive medication over a 2-week period. To 
qualify for the study, the mean of 3 sitting diastolic 
BPs, measured when subjects were not taking antihy- 
pertensive medication, had to fall between 95 and 
110 mm Hg. 

Protocol: A randomized, double-blind, 2-way cross- 
over design was used. For the first 4 weeks of the study, 
subjects took a placebo tablet every 12 hours. They met 
weekly with a nurse for measurements of BP, heart rate 
and body weight, and reported adverse events from 
the preceding week. At the end of the 4-week placebo- 
baseline period, subjects underwent a maximal graded 


— 


treadmill exercise test, and were then randomly as- 
signed to 24 weeks of drug therapy with either guana- 
drel sulfate or propranolol. Guanadrel sulfate was titrat- 
ed weekly by increments of 10 mg/day, from 5 mg 
twice a day to a maximum of 20 mg twice a day, where- 
as propranolol was titrated weekly by increments of 80 
mg/day, from 40 mg to a maximum of 160 mg twice a 
day, or until a significant BP reduction—defined as a 
sitting diastolic pressure of <90 mm Hg or a decrease 
in diastolic pressure 210 mm Hg from baseline—was 
observed. If this response was not achieved after 4 
weeks, drug therapy was extended for another week, 
with guanadrel sulfate increased to 30 mg twice a day 
and propranolol increased to 240 mg twice a day. 

On completion of the first 4-week drug therapy peri- 
od, subjects underwent a second exercise test and then 
began a 4-week washout period. Those given guanadrel 
sulfate received a placebo for 4 weeks, whereas those 
given propranolol were tapered off of the medication for 
2 weeks and then given a placebo for 2 more weeks. At 
the end of this placebo washout phase, subjects under- 
went a third exercise test, after which they were crossed 
over to the alternate drug for 4 or 5 weeks. The fourth 
exercise test was completed at the end of the second 
drug therapy phase. 

Procedures: Two hours before each exercise test, 
and immediately before patients received their regular 
dose of medication, heart rate and BP measurements 
were obtained at rest, and a fasting blood sample was 
drawn to determine the levels of potassium, glucose, 
free fatty acids, norepinephrine, epinephrine, lactate, 
triglycerides, total cholesterol, and high-density lipo- 
protein cholesterol. Plasma norepinephrine and epineph- 
rine were analyzed by high-performance liquid chromo- 
tography. Plasma free fatty acids were determined by 
colorimetric analysis. Plasma glucose was measured by 
the ultraviolet method with hexokinase (Abbott VP). 
Serum potassium was assessed with analyzers fitted 
with ion-selective electrodes (Nova 4+4), and serum 
lactate was determined by a modification of the Mar- 
bach-Weil method!* with a DuPont Automatic Clinical 
Analyzer. Total serum cholesterol was measured direct- 
ly by the enzymatic method with cholesterol esterase 
and oxidase; high-density lipoprotein cholesterol was 
similarly assayed after magnesium dextran sulfate pre- 
cipitation of lower density lipoproteins. Triglycerides 
were measured with glycerol phosphate oxidase. Blood 
samples were also obtained immediately and 30 minutes 
after exercise to remeasure these variables. 

Maximal cardiorespiratory performance was as- 
sessed with the continuous multistage treadmill protocol 
of Bruce et al.!? The first stage of the protocol (1.7 
miles/hour~', 10% grade) was defined as the standard 
submaximal work load. Respiratory variables, heart 
rate, BP (auscultatory method), rate-pressure product, 
and somatic fatigue, assessed by the rating of perceived 
exertion, were determined at submaximal and maximal 
exercise. Expired gas was collected and analyzed contin- 
uously. The electrocardiograph was monitored by oscil- 
loscope, with 3-channel (Vi, Vs and aVF) recordings 
obtained throughout the exercise test and 12-lead elec- 
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trocardiograms recorded at the end of each stage and 
during maximal exercise. The rate-pressure product was 
calculated as: [(heart rate X systolic BP)/100]. Ratings 
of perceived exertion were obtained with the Borg 
scale,2° which includes 15 grades from 6 to 20: 7 = 
very, very light, 9 = very light, 11 = fairly light, 13 = 
somewhat hard, 15 = hard, 17 = very hard, and 19 = 
very, very hard. 

Cardiopulmonary data were obtained by the Medi- 
cal Graphics CAD/Net System 2001. The gas analysis 
system included a 2-way (inspired-expired) low dead- 
space breathing valve; oxygen and carbon dioxide ana- 
lyzers using the electrochemical cell (yttria-stabilized 
zirconium dioxide) and infrared absorption princi- 
ples, respectively; pneumotachographic volume mea- 
surement; and a computer assembly for on-line 60-sec- 
ond calculations, corrected to body temperature, atmo- 
spheric pressure saturated, or standard temperature and 
pressure, dry, of oxygen uptake (VO>), expressed in li- 
ters per minute (litersemin~') or METs (1 MET = 3.5 
ml-kg~'-min~'), minute ventilation, carbon dioxide 
production (VCO>), and respiratory exchange ratio 
(VCO, / VO>). Before each test, the pneumotachometer 
was referenced with a 3-liter syringe (Hans Rudolph, 
Inc.) and the gas analyzers were calibrated using room 
air and a certified O/CO, concentration (Airco Medi- 
cal Gases, Inc.). 

The anaerobic or ventilatory threshold was defined 
as the point of increase in minute ventilation / VO, dur- 
ing graded exercise, without a change in minute ventila- 
tion/VCO, (Figure 1). This method has been reported 
to be a sensitive and reliable noninvasive technique for 
detection of the onset of metabolic acidosis.*! In addi- 
tion, functional aerobic impairment—defined as the 
percent difference between the subject’s measured max- 
imal VO, and that predicted for a healthy person of the 
same age, sex, and activity status—was calculated from 
the following formula: (predicted maximal VO, — mea- 
sured maximal VO>/ predicted maximal VO) X 100. 
Predicted values of maximal VO, expressed as 
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Ventilatory Equivalent for Carbon Dioxide 
(VE/VCO>) 
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FIGURE 1. Ventilatory equivalent for oxygen (closed circles) 
and carbon dioxide (closed squares) as a function of oxygen 
consumption for 1 subject. Arrow indicates ventilatory thresh- 
old, which occurred at 67% of the maximal oxygen consump- 
tion. 
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TABLE I Baseline Characteristics of 15 Moderately 
Hypertensive Patients 


Age (years) 
Height (cm) 


Weight (kg) 


Body mass index (kg/m?) 

Resting systolic BP (mm Hg) 

Resting diastolic BP (mm Hg) 
Maximal systolic BP (mm Hg) 
Maximal diastolic BP (mm Hg) 
Maximal heart rate (beats-min~') 
Maximal rate pressure product 
Maximal VO; (ml - kg“! - min=!) 
Maximal rating of perceived exertion 
Treadmill duration (min) 

Functional aerobic impairment (%) 
Maximal minute ventilation (liters - min~!) 
Ventilatory threshold (liters - min~!) 
Forced vital capacity (liters) 

Forced expiratory volume (liters «s~!) 
Total cholesterol (mg/dl) 

HDL cholesterol (mg/dl) 

LDL cholesterol (mg/dl) 

Total / HDL cholesterol 

Triglycerides (mg/dl) 


BP = blood pressure; HDL = high-density lipoprotein; LDL = low-density lipopro- 
tein; SD = standard deviation, VO2 = oxygen consumption. 





ml-kg~'-min~', in healthy men and women were ob- 
tained from the regression equations of Bruce et al.!? 

Electrocardiographic and heart rate determinations 
were made with the Marquette Computer-Assisted Sys- 
tem for exercise. The electrocardiograph was calibrated 
to 1 mV/10 mm deflection before each test. 

Patients exercised to exhaustion or volitional fatigue, 
or both, and assumed a supine position in recovery to 
facilitate the drawing of a blood sample immediately 
after exercise. Forced vital capacity and forced expira- 


Blood Pressure (mm/Hg) 





FIGURE 2. Mean reductions in systolic (SBP) and diastolic 
(DBP) blood pressure at rest from placebo-baseline with gua- 
nadrel sulfate versus propranolol. Solid bar is guanadrel sul- 
fate and hatched bar is propranolol. Lines extending from 
bars represent 1 standard deviation. *p <0.001. 


tory volume in 1 second were determined 6 minutes af- 
ter exercise with a Collins Eagle 1 spirometer. The third 
blood sample was drawn 30 minutes after exercise. 
Statistical methods: Data analyses included calcula- 
tions of means and standard deviations with the statisti- 
cal software package MIDAS.” To determine the ef- 
fects of guanadrel sulfate and propranolol on BP at rest 
and on cardiopulmonary and metabolic variables, values 
obtained during exercise testing at the end of 4 weeks of 
either drug therapy were compared, by paired ¢ test, 
with the corresponding values at the end of 4 weeks of 
placebo. Changes in these variables from placebo-base- 
line were also compared with each other by paired t 
tests (because of the crossover design). Pulmonary func- 
tion data obtained 6 minutes after exercise with each 
drug were compared with corresponding data obtained 


TABLE Il Physiologic Changes from Baseline in Subjects Undergoing Treadmill Exercise Testing: Guanadrel Sulfate Versus 


Propranolol* 


Guanadrel Sulfate 


Variable Mean 


Maximal systolic BP (mm Hg) 
Maximal diastolic BP (mm Hg) 
Duration on treadmill (min) 
Submaximal heart rate (beats - min~!) 
Maximal heart rate (beats - min~!) 
Submaximal rate pressure product 
Maximal rate pressure product 
Submaximal VO; (ml - kg~! - min-!) 
Maximal VO> (ml -kg~! - min-!) 
Submaximal rating of perceived exertion 
Maximal rating of perceived exertion 
Functional aerabic impairment (%) 
Ventilatory threshold (liters - min!) 
Submaximal minute ventilation (liters - min=!) 
Maximal minute ventilation (liters - min~!) 
* One subject did not complete the fourth exercise test (n = 14). 
t Difference from baseline is significant at p <0.005. 
t Difference from baseline is significant at p <0.05. 
$ Difference in changes from baseline between medications is significant at p <0.005. 
! Difference in changes from baseline between medications is significant at p <0.05. 


Submaximal = at standard submaximal work load, 1.7 miles /hour~!, 10% grade. 
Abbreviations as in Table I. 
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Propranolol 


Mean 





~ 


after exercise at placebo-baseline. Adverse events were 
compared with chi-square. All tests were 2-tailed and a 
p value <0.05 was considered statistically significant. 


RESULTS 

Table I provides mean (+ standard deviation) physi- 
cal, cardiopulmonary, hemodynamic, lipid and lipopro- 
tein characteristics of the 15 subjects after 4 weeks of 
placebo. With the exception of the BP at rest (160/108 
mm Hg), these values, for the most part, were normal. 

Figure 2 compares the effects of guanadrel sulfate 
versus propranolol on mean systolic and diastolic BP at 
rest. Compared with values obtained during the place- 
bo-baseline phase, both drugs significantly decreased 
diastolic BP at rest (15 vs 16 mm Hg, guanadrel sulfate 
vs propranolol, p <0.001). Although the decrease of 16 
mm Hg in systolic BP at rest was significant with gua- 
nadrel sulfate (p <0.001), the decrease of 8 mm Hg in 
systolic BP with propranolol was not (p >0.05). There 
was, however, no significant difference between these 2 
drugs in their antihypertensive efficacy. 

Mean changes in exercise variables: Table II com- 
pares the physiologic changes from placebo-baseline 
with guanadrel sulfate versus propranolol for exercise 
variables. There was a significant reduction in systolic 
BP at maximal exercise with both drugs (—33 vs —44 
mm Hg, guanadrel sulfate vs propranolol, p <0.005). 
There was also a statistically significant decrease in dia- 
stolic BP at maximal exercise with guanadrel sulfate 
(—13 mm Hg), but the decrease in diastolic BP with 
propranolol (—7 mm Hg) was not significant (p >0.05). 
However, there were no statistically significant differ- 
ences in the BP decreases between drugs. Treadmill du- 
ration increased slightly with guanadrel sulfate (+0.6 
min, p <0.05), but not with propranolol. Values for 
heart rate and rate-pressure product at submaximal and 
maximal exercise were significantly lower (p <0.005) 
with both drugs, compared with placebo. However, the 
propranolol-induced decreases in heart rate at both ex- 
ercise levels, and rate-pressure product at maximal ex- 





FIGURE 3. Mean decreases in forced vital capacity from pla- 
cebo-baseline with guanadrel sulfate versus propranolol. Sol- 
id bar is guanadrel sulfate and hatched bar is propranolol. 
Lines extending from bars represent 1 standard deviation. 
*p <0.01. 
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ercise, were significantly greater than those elicited by 
guanadrel sulfate (p <0.05). 

Compared with placebo-baseline, subjects demon- 
strated statistically significant (p <0.05) decreases in 
submaximal VO, (—3.9 ml-kg~!-min~') and maximal 
VO, (—3.9 ml-kg~!-min~!) while taking propranolol, 
whereas the smaller decreases associated with guana- 
drel sulfate were not statistically significant (p >0.05). 
The propranolol-induced reduction in submaximal VO 
was significantly greater than that with guanadrel sul- 
fate (—3.9 vs —0.9 ml-kg~!-min~!, p <0.05). Moreover, 
propranolol resulted in a statistically significant increase 
in perceived exertion at maximal exercise (+1.9, p 
<0.005), which was significantly greater than the in- 
crease with guanadrel sulfate (+0.2, p <0.05). Subjects 
taking propranolol also demonstrated a functional aero- 
bic impairment of +12% (p <0.005) and a decrease in 
their ventilatory threshold (—0.3 litersemin~', p <0.05); 
in contrast, these variables were unchanged with guana- 
drel sulfate. Minute ventilation at submaximal exercise 
decreased significantly (p <0.05) with both drugs, com- 
pared with placebo-baseline; however, the mean de- 
crease with propranolol (—7.3 litersemin™') exceeded 
that with guanadrel sulfate (—1.0 litersemin™', p 
<0.005). 

As shown in Figures 3 and 4, when subjects took 
propranolol, forced vital capacity and forced expiratory 
volume in 1 second were reduced significantly (—0.30 
and —0.27 liters, respectively; p <0.01). There were no 
statistically significant changes with guanadrel sulfate 
(p >0.05). 

Mean changes in metabolic and hormonal vari- 
ables: Table III compares changes from placebo-base- 
line for selected blood chemistry values associated with 
each drug. With guanadrel sulfate, plasma glucose lev- 
els before and immediately after exercise significantly 
decreased from placebo-baseline values (—11 mg/dl for 
both). Guanadrel sulfate also altered levels of epi- 
nephrine and norepinephrine immediately and 30 min- 
utes after exercise. When subjects received propran- 
olol, mean serum potassium levels increased at all time 
points (+0.23, +0.42, +0.46 mEq/liter, p <0.05). 
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FIGURE 4. Changes in forced expiratory volume in 1 second 
from 1 ine with guanadrel sulfate versus propran- 
olol. Solid bar is guanadrel sulfate and hatched bar is pro- 
pranolol. Lines extending from bars represent 1 standard de- 
viation. *p <0.001. 
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Guanadrel Sulfate Versus Propranolol 


Guanadre! Sulfate 


Variable Mean 


Potassium (mEq /liter) 
Before 
Immediately 
30 min after 
Fasting glucose (mg/dl) 
Before 
Immediately 
30 min after 
Free fatty acids (mEq /liter) 
Before 
Immediately 
30 min after 
Epinephrine (pg/ml) 
Before 
Immediately 
30 min after 
Norepinephrine (pg/ml) 
Before 
Immediately 
30 min after 
Lactate (mEq /liter) 
Before 
Immediately 
30 min after 
* Difference from baseline is significant at p <0.05. 
t Difference from baseline is significant at p <0.01. 


t Difference in changes from baseline between medications is significant at p<0.05. 
$ Difference in changes from baseline between medications is significant at p<0.01. 
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TABLE Ill Electrolyte, Substrate and Hormonal Changes from Baseline in Subjects Undergoing Treadmill Exercise Testing: 
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Propranolol 


Mean 


Before = before exercise; immediately = immediately after exercise; 30 min after = 30 minutes after exercise. 


Other abbreviations as in Table l. 


Moreover, free fatty acid levels for both postexercise 
samplings decreased (—0.12 and —0.21, p <0.05), 
whereas epinephrine levels immediately after exercise 
increased (+218 pg/ml); this increase was statistically 
significantly greater than the increase with guanadrel 
sulfate (+48 pg/ml, p <0.01). 

Mean changes in lipids: Total cholesterol (Table IV) 
significantly decreased (—16 mg/dl, p <0.05) from pla- 
cebo-baseline when subjects received guanadrel sulfate; 
moreover, this effect differed significantly from the 
slight increase in cholesterol that occurred with pro- 
pranolol (p <0.05). Serum triglyceride levels were not 
affected significantly by guanadrel sulfate, but in- 
creased (+85 mg/dl, p <0.05) with propranolol. 


TABLE IV Lipid and Lipoprotein Changes from Baseline: 
Guanadrel Sulfate Versus Propranolol 


Guanadrel 
Sulfate Propranolol 


Variable Mean SD Mean SD 
Total cholesterol (mg/dl) —16* 22 1 +10 20 
HDL cholesterol (mg/dl) —] 9 z. 9 
LDL cholesterol (mg/dl) —6 21 4 31 
Total /HDL cholesterol =0.2 0.6 —0.2 1.2 


Triglycerides (mg/dl) oz 146 +85* 139 


* Difference from baseline is significant at p <0.05. 

spear eee in changes from baseline between medications is significant at 
p <0.05. 

Abbreviations as in Table I. 
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Adverse events: Adverse events reported by subjects 
are listed in Table V, with fatigue reported most often. 
Compared with 10 reports of fatigue while subjects re- 
ceived placebo, there were 6 instances with guanadrel 
sulfate (difference not significant) and 19 with propran- 
olol (p <0.02). No other adverse event was significantly 
affected by either drug. 


VISCUSSION 

In this double-blind study we found that guanadrel 
sulfate decreased systolic and diastolic BP at rest and 
decreased systolic and diastolic BP at maximal exercise 
(p <0.005), without adversely affecting submaximal or 
maximal VO,, perceived exertion or ventilatory thresh- 


TABLE V Comparison of Adverse Events While Subjects 
Received Placebo Versus Guanadrel Sulfate or Propranolol 


Adverse Event Placebo Guanadrel Sulfate Propranolol 


+ 


Fatigue 

Lack of concentration 
Vertigo 

Pain 

Retrograde ejaculation 
Edema 

Dry mouth 

Headache 


m 
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* Difference from baseline is significant at p <0.02. 
i ao in changes from baseline between medications is significant at 
p< x 


old. Total serum cholesterol levels, relative to placebo- 
baseline, were also favorably modified by this drug. Al- 
though propranolol reduced diastolic BP at rest and sys- 
tolic BP at maximal exercise (p <0.005), systolic BP at 
rest and diastolic BP at maximal exercise did not 
change significantly. Moreover, propranolol significant- 
ly decreased submaximal and maximal VO, and ven- 
tilatory threshold, and increased the maximal rating 
of perceived exertion and serum triglyceride levels (p 
<0.05). These findings, however, should be interpreted 
with caution. In several instances, differences between 
drugs were not statistically significant. Although this 
most likely reflects a type II error (resulting from the 
relatively small number of subjects studied), it is equally 
possible that some of the significant findings may reflect 
a type I error (resulting from the use of multiple t 
tests). 

The propranolol-induced decrease in VO, at sub- 
maximal and maximal exercise, a finding consistent 
with previous studies in trained*: and untrained sub- 
jects, may be attributed to a reduced cardiac output. 
Numerous studies have also shown that 6 blockade re- 
duced exercise duration at submaximal and maximal 
work loads.*:!*:'4 Despite unchanged treadmill duration 
and reduced maximal VO, with propranolol, our sub- 
jects reported a higher perceived exertion at maximal 
exercise, indicating greater fatigue at a lower somatic 
oxygen consumption. This observation has been report- 
ed by others.'* Some investigators hypothesized that the 
increased fatigue and reduced exercise duration could 
result from an enhanced cellular efflux of potassium 
that is mediated by  blockers.'*:'* When the present 
subjects were taking propranolol, a significant increase 
in serum potassium concentrations before and after ex- 
ercise was noted, supporting this hypothesis; in con- 
trast, potassium levels with guanadrel sulfate were un- 
changed. 

The anaerobic or ventilatory threshold has become a 
valuable measurement in the assessment of cardiorespi- 
ratory function. Although controversial, it is thought to 
signify the peak work load, or metabolic rate, at which 
oxygen demands exceed the circulation’s ability to sus- 
tain aerobic metabolism.** At this point, energy release 
from anaerobic metabolism increases and a lactic aci- 
demia results. In the present study, ventilatory threshold 
remained unchanged with guanadrel sulfate, but signifi- 
cantly decreased (p <0.05) with propranolol (Table II), 
as others have found.'°?> This finding may help to ex- 
plain the previously reported reduction in exercise dura- 
tion at submaximal work loads in subjects taking pro- 
pranolol,’:'* perhaps because the utilization of carbo- 
hydrate is impaired by this nonselective 6 blocker,”° 
causing greater reliance on free fatty acids for energy 
usage. Reduced free fatty acid levels after exercise with 
propranolol but not with guanadrel sulfate (Table III) 
may support this hypothesis.'> 

Decreases in forced vital capacity and forced expira- 
tory volume in 1 second with propranolol (—0.3 and 
—0.27 liters, respectively; p <0.01) suggest that bron- 
chodilation after exercise was blocked by propranolol. 





Submaximal minute ventilation was significantly re- 
duced with both drugs (p <0.05), a result noted by oth- 
ers,2> with the reduction with propranolol significantly 
greater than that with guanadrel sulfate (p <0.005). 

These data suggest that propranolol, in the dosages 
given, had adverse effects on cardiopulmonary function 
during exercise, compared with an equally effective an- 
tihypertensive action of guanadrel sulfate. Also of inter- 
est were the lower fasting plasma glucose values before 
and immediately after exercise with guanadrel sulfate, 
compared with placebo, suggesting that this drug may 
have favorable effects on carbohydrate metabolism. 
With guanadrel sulfate therapy, subjects also had a sig- 
nificant reduction in total serum cholesterol from place- 
bo-baseline values (—16 mg/dl, p <0.05), whereas ther- 
apy with propranolol was associated with significantly 
increased triglyceride levels (+85 mg/dl, p <0.05). Pre- 
viously, one of us?’ reported that guanadrel sulfate pro- 
duced a significant decrease in cholesterol levels when 
added to diuretic therapy. Those data support the cur- 
rent findings. 
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Comparison of Ambulatory Left Ventricular 
Ejection Fraction and Blood Pressure in Systemic 
Hypertension in Patients With and Without 
Increased Left Ventricular Mass 


Warren M. Breisblatt, MD, Cynthia J. Wolf, RN, Beverly McElhinny, RN, Rosemarie Salerni, MD, 
and Vivienne E. Smith, MD 


To evaluate the effects of long-standing systemic 


hypertension on left ventricular (LV) function dur- 
ing daily activities, ambulatory radionuclide moni- 
toring of LV ejection fraction (EF) and blood pres- 
sure was performed during exercise and other 
structured activities in 31 hypertensive patients. 
Patients were divided into 3 groups based on the 
absence of LV hypertrophy (group 1 [n = 16], LV 
mass 107 + 12 g/m2), presence of LV hypertrophy 
without electrocardiographic changes (group 2 [n = 
10], LV mass 141 + 8 g/m?) and LV hypertrophy 
with associated electrocardiographic changes 
(group 3 [n = 5], LV mass 158 + 9 g/m?). The 
groups were similar with respect to age, baseline 
medication, treated and untreated blood pressure, 
resting EF and treadmill exercise time. Patients in 
group 3 had the longest history of hypertension. 
Peak filling rate was normal in group 1 (2.9 + 0.4 
end-diastolic volume/s), but reduced at rest in 
groups 2 (2.4 + 0.4) and 3 (2.1 + 0.3). Patients in 
group 1 had normal EF responses to exercise and 
mental stress testing, as well as during routine am- 
bulatory activities. Patients in group 2 had a blunt- 
ed EF response to exercise, and those in group 3 
had a significantly abnormal response. Both group 
2 and 3 patients demonstrated abnormal EF re- 
sponses to mental stress, as well as cold pressor 
testing in association with significant increases in 
mean arterial pressure and marked reduction in 
diastolic filling rate. Decreases in EF were also ob- 
served during routine patient monitoring in 3 group 
3 patients and 4 group 2 patients. These events 
were associated with significantly increased blood 
pressure. The present study demonstrates that 
transient LV dysfunctions may accompany excur- 
sions of blood pressure that occur during activities 
when LV hypertrophy complicates hypertension. 
(Am J Cardiol 1991;67:597-603) 
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shown to be a harbinger of cardiovascular mor- 

bidity and mortality,' which may be more pro- 
nounced if left ventricular (LV) hypertrophy is pres- 
ent.>-> Although LV systolic function is usually normal 
or supranormal at rest in these patients, diastolic func- 
tion has often been shown to be impaired. Several 
recent studies have suggested that LV systolic function 
may become abnormal during exercise or activities asso- 
ciated with increased afterload.?-'!' Whereas the mecha- 
nism for abnormal systolic function in hypertension is 
unknown, it may be related to inadequate LV filling or 
possibly impaired coronary reserve or myocardial con- 
tractile performance abnormalities that accompany in- 
creased LV mass.!2:!3 The effect of long-standing hyper- 
tension on LV function during the performance of daily 
activity has not been defined. To evaluate such ef- 
fect, ambulatory radionuclide monitoring of LV ejection 
fraction (EF) and blood pressure were performed dur- 
ing both exercise and other structured activities in 31 
untreated hypertensive patients with and without LV 


hypertrophy. 


METHODS 

Patient population: Asymptomatic patients with hy- 
pertension (n = 35) but without diabetes mellitus, ac- 
tive cigarette smoking history, or family history of coro- 
nary artery disease, were screened from the Hyperten- 
sion Clinic at Presbyterian-University Hospital and the 
Veterans Administration Medical Center after a proto- 
col was approved by the Institutional Review Board for 
Biomedical Research and the Radiation Safety Com- 
mittee. All were men (86% white, 14% black), mean age 
+ standard deviation 52 + 10 years, and all had been 
taking at least 1 antihypertensive medication (7 patients 
were taking 2 medications). Forty-eight percent of pa- 
tients were taking angiotensin-converting enzyme inhib- 
itors, 23% calcium antagonists, 19% diuretics, 16% 6B 
blockers and 13% other medications. All patients were 
withdrawn from medication and were free from medica- 
tions for 2 weeks before evaluation. Patients with a 
blood pressure <150/90 mm Hg after the 2-week wash- 
out period were excluded from further evaluation. Elec- 
trocardiograms were obtained in all patients; those with 
evidence of left bundle branch block or prior myocardial 
infarction were also excluded. After routine screening 
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31 patients were evaluated. Two others were not includ- 
ed because they had inadequate radionuclide studies, 
and 3 had suboptimal echocardiograms. Patients under- 
went a routine M-mode and 2-dimensional echocardio- 
gram, and measurements were obtained of septal and 
posterior wall thickness and LV internal dimensions ac- 
cording to the Penn convention. LV mass was calculat- 
ed by the formula of Devereux and Reicheck (LV mass 
(g) = 1.04 [(LV dimension + posterior wall thickness + 
ventricular septal thickness during diastole)? — (LV 
diastolic dimension)*] — 13.6), and was normalized to 
body surface area.'* LV hypertrophy was diagnosed if 
the LV mass exceeded 134 g/m? and was present in 15 
patients. Five patients also had electrocardiographic evi- 
dence of LV hypertrophy with associated repolarization 
abnormalities (ST-T-wave changes). Patients were di- 
vided into 3 groups based on the absence (group 1) or 
presence (group 2) of LV hypertrophy and whether 
there were associated electrocardiographic changes 
(group 3). All patients underwent exercise treadmill 
testing with a standard Bruce protocol in the fasting 
state. 

Performance of radionuclide studies: The blood 
pool was labeled with 25 mCi of 99-m technetium per- 
technetate by a modified in vivo technique.!> Patients 
then underwent a 32-frame multigated acquisition study 
performed in the sitting position in the best septal left 
anterior oblique view. Radionuclide studies were per- 
formed with a GE Starcam 300A (GE, Milwaukee, 
Wisconsin). Standard methods for EF determination 
from the left anterior oblique view were used, employ- 
ing threshold and second derivative edge-detection al- 
gorithms with a variable region of interest and peri- 
ventricular background substraction. A density of 200 
counts/pixel was obtained over the LV region of in- 
terest. 

The nuclear vest (Capintec, Inc., Ramsey, New Jer- 
sey) was then positioned in the left anterior oblique pro- 
jection with the aid of the gamma camera, so that the 
primary radiation detector counted only within the LV 
region of interest. A second detector monitored activity 
over the right lung to assess changes in background ra- 
dioactivity. Nuclear vest studies were supervised by a 
single experienced physician (WMB). Nuclear vest 
studies in normal subjects and patients with coronary 
artery disease have been found to be reliable and repro- 
ducible in our lab.'® A 2-channel electrocardiogram was 
simultaneously recorded with the nuclear signal in all 
patients. During exercise, 12-lead electrocardiograms 
were also recorded at each stage of exercise and at peak. 
The 2-channel electrocardiogram recorded with the vest 
has been shown in previous studies to correlate well with 
changes observed on the 12-lead electrocardiogram.!’ 
The vest was worn by patients for a mean of 252 + 22 
minutes. Patients were evaluated during quiet sitting, 
standing, walking, drinking a cup of coffee, reading the 
newspaper, routine conversation, as well as a group of 
activities designed to increase heart rate and blood pres- 
sure. All patients underwent exercise testing by a Bruce 
protocol, climbed 2 flights of stairs, and were evaluated 
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during cold pressor testing, isometrics and mental stress 
testing. Before the end of the study protocol, measure- 
ments of LVEF were taken at rest and patients were 
then placed in front of the gamma camera to check de- 
tector position. EF, peak filling rate (end-diastolic vol- 
ume/s) and ST-segment analysis were performed at 30- 
second intervals throughout the study. Procedures for 
review of the study for technical adequacy and the pro- 
cessing of data have been previously described.'®!7 An 
abnormal vest response was defined as a decrease in EF 
of 25 EF units that persisted for 260 seconds. This 
definition was not used for cold pressor testing because 
our studies in normal subjects indicate that there gener- 
ally is a decrease in EF in response to cold exposure. A 
stable baseline EF was obtained before each provoked 
maneuver. All data were carefully analyzed to exclude 
motion or other artifacts. Changes in relative radionu- 
clide stroke and end-systolic volumes are expressed as 
percent change from baseline. 

Blood pressure measurements: Along with radionu- 
clide monitoring, all patients had continuous automatic 
blood pressure recordings performed (SpaceLabs model 
90202, SpaceLabs Inc., Redmond, Washington). Blood 
pressure recordings with this ambulatory device were 
correlated with cuff measurements and found to be ac- 
curate and reproducible. Blood pressure was obtained at 
6-minute intervals along with heart rate (beats/min). A 
real-time clock on the ambulatory blood pressure moni- 
tor was timed to the nuclear vest to correlate changes in 
EF with changes in blood pressure. Additionally, the de- 
vice was triggered in a manual mode to obtain blood 
pressure measurements at the start, peak and comple- 
tion of all activities. Mean arterial pressure was deter- 
mined from the automated pressure recordings. 

Statistical analysis: The mean + standard deviation 
are shown for all variables. To evaluate differences be- 
tween groups | through 3 (group 1, without LV hyper- 
trophy; group 2, with LV hypertrophy but without elec- 
trocardiographic changes; group 3, LV hypertrophy 
with electrocardiographic changes), as well as within 
groups, analysis of variance for repeated measures was 
used. When analysis of variance was found to be signifi- 
cant (p <0.05), testing between and within groups was 
performed with a Student Newman-Kuels test. 


RESULTS 

Patient characteristics and baseline data: Of the 
patients who gave informed consent, 31 had complete 
radionuclide, echocardiographic and blood pressure 
data that could be evaluated. Patients were divided into 
3 groups based on the absence (group 1, n = 16) or 
presence (group 2, n = 10) of LV hypertrophy and 
whether there were electrocardiographic changes associ- 
ated with LV hypertrophy (group 3, n = 5). Patients in 
group 3 had the greatest LV mass by echocardiography 
(158 + 9 g/m?), but LV mass was increased in both 
groups 2 and 3 compared with group 1 (107 + 12 g/ 
m°). Additionally, patients in group 3 were found to 
have a longer history of hypertension (16.5 vs 8.8 years 
in group 1, 11 years in group 2). The groups were simi- 
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lar with respect to age, baseline medication, blood pres- 
sure with and without medication, resting EF and tread- 
mill exercise time. No patient had chest pain or an angi- 
nal equivalent on the treadmill and no patient in groups 
1 and 2 had electrocardiographic changes with exercise. 
Patients in group 3 had indeterminate treadmill tests 
because of baseline electrocardiographic abnormalities. 
The resting peak filling rate (measured by the vest) was 
normal in group 1 (2.9 end-diastolic volume/s), but ab- 
normal in groups 2 and 3 (2.4, 2.1 end-diastolic vol- 
ume/s, respectively). 

Response to exercise (Tables | to Ill): EF response 
to exercise was significantly different for patients in 
group | than in groups 2 and 3 (Figures 1 and 2). Pa- 
tients in all 3 groups had a similar increase in mean 
arterial blood pressure and heart rate with exercise, but 
the EF response that was normal in group 1 patients 
(67 + 8 to 80 + 6% at peak) was blunted in group 2 
and absent in group 3 (Tables I to III). In all group 1 
patients, EF increased normally with exercise, com- 
pared with only 4 of 10 group 2 patients and only 1 of 5 
group 3 patients. Relative end-systolic volume decreased 
in group 1 (—13%) at peak exercise, but did not change 


substantially in groups 2 and 3 (—5%, 1%). Peak filling 
rate increased significantly during exercise in group 1 
(2.9 to 3.8 end-diastolic volume/s), but did not change 
significantly from baseline in the other groups (group 2, 
2.4 to 2.7; group 3, 2.1 to 2.3 end-diastolic volume/s at 
peak, difference not significant for both). 

Mental stress testing (Tables | to Ill): Patients un- 
derwent mental stress testing with serial arithmetic and 
a Stroup mental stress test. The response in group 1 
patients was normal with a small increase in EF to 71%. 
In group 1 patients, heart rate and blood pressure re- 
sponse was less than observed with exercise, but 
was significantly increased from baseline values. Both 
groups 2 and 3 demonstrated markedly abnormal re- 
sponses to mental stress testing with decreases in EF 
(group 2, —57 + 8%; group 3, —51 + 9% at peak) and 
significant increases in mean arterial pressure, which in 
most cases were above that obtained at peak exercise 
levels (Figure 3). This was seen in 7 of 10 group 2 pa- 
tients and in all 5 group 3 patients. Changes in EF ei- 
ther followed or occurred at the same time as the in- 
creases in blood pressure. Relative end-systolic volume 
increased in groups 2 and 3 at peak mental stress testing 


TABLE I Group 1—No Left Ventricular Hypertrophy (n = 16) 


Baseline 


Ejection fraction (%) 
Mean arterial pressure (mm Hg) 
Peak filling rate 

(end-diastolic volume /s) 
Heart rate (beats /min) 
Relative stroke volume (%) 
Relative end-systolic volume (%) 


* p <0.05, significant difference from baseline. 
% = percent change from baseline. 





Peak Exercise* Mental Stress Cold Pressor* 


nA E ie 
130+11* 
3:3 +0.37 


80 + 6 
136412 
3.80.5 


6l +6 
13449 
2.5+0.6 


138 + 22 


80 +12 
8 +6% 
-5 + 4% 


9412 
-12 +7% 
+10 +6% 


22+ 11% 
-1347% 


TABLE Il Group 2—Left Ventricular Hypertrophy Without Electrocardiographic Changes (n = 10) 


Baseline 


65+ 8% 
116+8.3 
2.4+0.4* 


Ejection fraction (%) 
Mean arterial pressure (mm Hg) 
Peak filling rate 

(end-diastolic volume /s) 
Heart rate (beats /min) 75415 
Relative stroke volume (%) — 
Relative end-systolic volume (%) — 


Peak Exercise Mental Stress Cold Pressor 


68 + 7%* 
138+11' 
2.7 +0.6* 


57 + 8%* 
142+9*1 
2.1405? 


56+ 9%! 
1484 12*' 
1.9+40.7 


136+ 17t 
8+5% 
—5+ 2%* 


92+ 141 
—154+ 8%! 
+12+7%! 


79+11 
—13 + 6%t 
+10+5%* 


* p <0.05, significant difference group 2 vs group 1; p values determined from analysis of variance and Student Neuman-Kuels test. 


t p <0.05, significant difference from baseline; % = percent changes from baseline. 


TABLE Ill Group 3—Left Ventricular Hypertrophy with Electrocardiographic Changes (n = 5) 


Baseline 


Ejection fraction (%) 
Mean arterial pressure (mm Hg) 
Peak filling rate 

(end-diastolic volume /s) 
Heart rate (beats /min) 
Relative stroke volume (%) 
Relative end-systolic volume (%) 


Peak Exercise Mental Stress Cold Pressor 


62+ 6%* 
135+ 13%! 
2.3+0.4* 


51+9%* 
149+ 11*1 
1.8 +0.4* 


49+8*! 
1534 15*? 
1.8+0.5 


132415! 
3+4% 
1+5%* 


81+9 
—20+ 8%!" 
15+6%*' 


94+ 13" 
—23+9%! 
19+8%*!1 


* p <0.05, significant difference group 3 vs group 1; p values determined from analysis of variance and Student Neuman-Kuels test. 


t p <0.05, significant difference from baseline; % = percent change from baseline. 
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FIGURE 1. Ambulatory vest recording 
from a group 1 patient during exercise 
treadmill testing. Top panel, dotted 
line is the measurement of ST-segment 
changes; bottom solid line, percent 
end-systolic volume (EDVO). Bottom 
panel, top dotted line, ejection fraction 
(EF) (%); bottom solid line, heart rate 
(BPM). First vertical line at 113 min- 
utes represents the start of exercise 
and at 127 minutes the peak of exer- 
cise. Ejection fraction increased from 
60 to 88% at the peak of exercise with 
an increase in heart rate to 158 beats/ 
min. The ST segments do not change 
during exercise, but the percent end- 
systolic volume decreases substantially 
during the exercise test. This would be 
a normal physiologic response to exer- 
cise. 


FIGURE 2. Ambulatory vest recording 
from a group 3 patient during exercise 
testing. Top panel, percent end-dia- 
stolic volume (EDVO) (dotted line) and 
percent end-systolic volume (solid line); 
bottom panel, ejection fraction (EF) 
(%) in the dotted line and heart rate 
(BPM) in the solid line. Vertical line at 
43 minutes represents the start of ex- 
ercise and after 55 minutes the peak of 
exercise. Ejection fraction decreased 
from 70 to 49% at peak exercise. 
Heart rate increased from 58 to 160 
beats/min. Compared with patients in 
group 1, end-diastolic volume shows 
minimal change and end-systolic vol- 
ume increased significantly during ex- 
ercise. This response is abnormal, and 
in a patient with coronary artery dis- 
ease would be typical of myocardial 
ischemia. 


(10 + 5%, 15 + 6%, respectively), which largely ac- 
counted for the decline in EF. No symptoms or electro- 
cardiographic changes were noted during mental stress 
testing. Peak filling rate increased from baseline in pa- 
tients without LV hypertrophy but, as with effort, de- 
creased in both groups 2 and 3. 

Cold pressor testing: Hand immersion in ice water 
for at least 1 minute constituted a cold pressor test. Al- 
though all 3 groups demonstrated a decline in EF, this 
was most marked in group 3 patients whose EF de- 
creased from 63% at baseline to 49% at peak cold expo- 
sure. Although heart rate response was similar in all 
groups, mean arterial pressure increased dramatically in 
groups 2 and 3 (148 + 12, 153 + 15 mm Hg, respec- 
tively) compared with the response in group | (134 + 9 
mm Hg). The decrease in EF was primarily due to in- 
creased end-systolic volume in each of the groups. For 
all groups peak filling rate decreased during cold pres- 
sor testing from baseline, and although the decrease was 
greatest in group 3 (1.8 + 0.5 end-diastolic volume/s), 
overall differences did not achieve statistical signifi- 
cance. Patients in groups 1 and 2 had no electrocardio- 
graphic changes, but 4 of 5 patients in group 3 devel- 
oped increased asymptomatic ST-segment depression 
during cold pressor testing. 

Other findings during ambulatory monitoring: Iso- 
metric testing with a dynamometer handgrip device (Ja- 
mar) paralleled the responses seen with mental stress 
testing. EF response was normal in group 1, but in 6 of 
10 group 2 patients and in 4 of 5 group 3 patients EF 


FIGURE 3. The same group 3 patient 
as in Figure 2 is shown during mental 
stress testing with serial arithmetic. 
Top panel, ST-segment level is repre- 
sented by the dotted line, and percent 
end-systolic volume (EDVO) in the solid 
line. Bottom panel, heart rate is the 
solid line (BPM) and ejection fraction 
(EF) (%) the dotted line. Vertical line 
at 51 minutes represents the start of 
serial arithmetic, at 55 minutes the 
task was completed and complete re- 
covery to baseline by 58 minutes. Ejec- 
tion fraction decreased substantially 
from 60 to 39% at peak testing. Heart 
rate increased from 62 to 81 beats/ 
min during mental stress testing. There 
was no change on the electrocardio- 
gram and there was an increase in per- 
cent end-systolic volume, similar to 
that observed with exercise. 
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decreased in association with marked increases in mean 
arterial pressure. Decreases in EF (25 EF units) were 
also observed on 12 occasions during the patient moni- 
toring period, in 3 group 3 and in 4 group 2 patients. No 
spontaneous decreases in EF were observed in any 
group | patient except during micturition in 1 patient. 
All spontaneous decreases in EF were associated with 
marked elevations in mean arterial pressure comparable 
to that seen with mental stress or cold pressor testing. 
On each of these occasions the elevation in blood pres- 
sure preceded or occurred at the same time as the de- 
crease in EF. In no instance were there associated elec- 
trocardiographic changes or cardiac symptoms. These 
events were unassociated with changes in heart rate, 
and the decreases in EF were similar to what was ob- 
served with other activities. On 2 occasions EF de- 
creased while patients were upset on the telephone, 3 
instances during conversation that caused emotional ex- 
citement, 2 episodes while patients were drinking coffee 
and 5 while walking stairs. 


DISCUSSION 

The present study examined the relation of the am- 
bulatory blood pressure to LV function in patients with 
hypertension and varying levels of LV hypertrophy. 

Systolic ventricular function in hypertension: Nu- 
merous studies have examined the use of exercise test- 
ing as a means of evaluating LV reserve in hyperten- 
sion.?-!!.!8-20 Whereas most studies have found normal 
exercise ejection function in hypertensive persons with- 


% Eject Fraction 





601 


a 
oR 
a. 
E 





TS ELS OS a a a eee L a ee 
p as a Z A S P enn , kine 


| 





Sais 


out LV hypertrophy (as observed in our study), Miller 
et al! observed abnormal EF responses in >50% of 
their hypertensive patients. In their study, LV mass was 
not assessed by echocardiographic criteria for LV hy- 
pertrophy, but only on the electrocardiogram. Tubau et 
al? demonstrated that systolic impairment is common 
during exercise in patients with increased LV mass. In 
that study, as LV mass increased, there was a decrease 
in the peak systolic pressure/end-systolic volume index 
during exercise consistent with impaired myocardial 
contractility. Boudoulas et al?! also reported abnormali- 
ties of the preejection period and LV ejection time asso- 
ciated with increased LV mass, as well as decreased ve- 
locity of circumferential shortening during effort. It is 
also known that in patients with advanced LV hypertro- 
phy the contractile state of the ventricle may be im- 
paired even at rest.” Because our patients manifested a 
graded EF response to exercise, when considered in re- 
lation to LV mass, the present findings are consistent 
with previous studies documenting altered systolic func- 
tional reserve in parallel with LV mass increase in hy- 
pertension. Since the altered EF response paralleled the 
increase in ventricular mass, “normal” afterload depen- 
dance of ejection cannot alone account for the present 
findings. 

Diastolic ventricular function: Although systolic 
function is generally well preserved at rest in hyper- 
tensive patients, previous studies have shown that al- 
terations of relaxation and filling function are com- 
mon.°*?3 Diastolic abnormalities may be the earliest 
manifestation of high blood pressure in the heart and, 
when marked, may be associated with the development 
of congestive heart failure even with normal systolic 
function.*+> In our study, peak filling rate was normal 
in patients without hypertrophy (group 1), but was 
markedly abnormal in patients in groups 2 and 3 (<2.5 
end-diastolic volume/s), despite normal resting systolic 
function and arterial pressure. These results are in 
agreement with previous studies’*:*? of diastolic func- 
tion in hypertensive subjects, and suggest that as with 
ejection, filling is progressively impaired as LV mass in- 
creases. Filling rates tended to decline further when EF 
decreased. Such declines in filling rate may simply have 
followed altered ejection function*® as a response to in- 
creased hemodynamic load (see later). Alternatively, 
impaired filling may have caused inadequate augmenta- 
tion of end-diastolic volume during stress; thus, a de- 
cline in EF occurred at increased afterload.” Last, the 
finding of increased end-systolic volume as the mecha- 
nism of reduced EF during stress raises the possibility 
that altered ventricular filling reflects underlying dis- 
ease of hypertrophied myocardium. 

Role of increased mean arterial pressure: Activities 
that provoked more significant increases in mean arteri- 
al pressure uncovered greater degrees of LV dysfunc- 
tion. For example, during cold pressor testing, the most 
marked EF decreases occurred in group 3, where the 
greatest increases in mean arterial pressure occurred. 
Mental stress testing, associated with lesser increases 
in blood pressure compared with cold pressor testing, 
caused abnormal EF responses only in patients with LV 
hypertrophy (groups 2 and 3). 
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In addition to laboratory activities, other routine ac- 
tivities also caused transient decreases in EF in patients 
with increased LV mass. Furthermore, such EF re- 
sponses only occurred when the mean arterial pressure 
was elevated. Over the short monitoring period, 
such abnormal responses were relatively common dur- 
ing types of daily activities (walking stairs, phone con- 
versation, drinking coffee, active discussion) that one 
might not suspect would impair ventricular function. 

Study limitations: Although the present study group 
was carefully screened, one cannot exclude the possibil- 
ity of associated epicardial coronary artery disease. 
Thallium imaging was not performed since several stud- 
ies suggest that interpretation of thallium imaging in 
this population is difficult and that false-positive scans 
are common.?®.2? 

The nuclear vest that was used in this study has 
recently been shown to be a useful method for evaluat- 
ing LV function in patients during ambulatory activi- 
ties.°°3' The vest provided a high temporal resolution 
determination of EF and filling rate that could be ob- 
tained at 30-second intervals, and closely correlated 
with blood pressure changes. Studies in patients with 
coronary artery disease have suggested that changes in 
LVEF measured with the vest are reliable, reproducible 
and useful in identifying patients with myocardial isch- 
emia.'’ Normal subjects have been evaluated with this 
technique but physiologic responses of hypertensive pa- 
tients are unknown. 

Significance of the findings: Whereas LV hypertro- 
phy represents an adaptive process to the presence of 
high bleod pressure, it has clearly been shown to indi- 
cate a poor prognosis.* The basis of such altered prog- 
nosis remains unclear and episodic, or chronic ischemia 
due to impaired coronary flow reserve!*:!332 may be 
contributors. However, by whatever mechanism, the 
present studies reveal that stressor settings that elevate 
blood pressure, even transiently, may adversely affect 
ventricular performance in systole and diastole in the 
laboratory or during daily life. Such findings may help 
explain the poor outcomes in patients with LV hypertro- 
phy due to hypertension, and further support the man- 
date for optimal blood pressure control in high-risk 
persons. 
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CONGESTIVE HEART FAILURE 


Abnormal Baroreflex Control of Heart Rate in 
Decompensated Congestive Heart Failure and 
Reversal After Compensation 


José A. Marin-Neto, MD, DSc, Antonio O. Pintya, MD, Lourenco Gallo, Jr., MD, 
and Benedito C. Maciel, MD 


Congestive heart failure (CHF) causes impairment 


of baroreflex control of heart rate (HR). To deter- 
mine if this derangement is reversible, the cardiac 
chronotropic control was assessed in 10 patients 
with class IV chronic CHF of various etiologies be- 
fore and after compensation achieved by bed rest, 
salt restriction, diuretics and vasodilators. Mean 
time between the 2 studies was 15 + 3 days. The 
management was modified 3 days before the sec- 
ond autonomic evaluation, so as to reestablish the 
same diet and pharmacologic conditions of the pre- 
vious study. Compensation led to significant reduc- 
tion in symptom-based class, body weight, and pul- 
monary and systemic congestion. Mean + standard 
error of the mean HR responses (beats/min) before 
and after compensation were, respectively: (1) to 
atropine (0.04 mg/kg): 10 + 2 and 27 + 2 (p 
<0.01); (2) to handgrip (30% maximum capacity, 1 
minute): 9 + 2 and 19 + 3 (p <0.005); (3) to head- 
up tilt (5 minutes): 4 + 3 and 20 + 4 (p <0.005). 
Mean + standard error of the mean baroreflex sen- 
sitivity (ms/mm Hg) of RR responses to phenyleph- 
rine and amyl nitrate—induced changes in systolic 
pressure was, respectively, in each condition: phen- 
ylephrine, 0.9 + 0.2 and 8 + 2.3 (p <0.05); amyl 
nitrate, 0.3 + 0.2 and 4.1 + 1.1 (p <0.05). A sig- 
nificant correlation between improvement in HR re- 
sponses to atropine and tilt and changes in body 
weight was obtained. These findings show a re- 
versible component of impaired baroreflex control 
of HR in severe CHF, possibly due to its congestive 
effects. 

(Am J Cardiol 1991;67:604-610) 
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trol of the circulatory system occur in congestive 

heart failure (CHF).'* Several derangements 
have been shown in the adrenergic>''! as well as in the 
parasympathetic'?-'> efferent limbs of the autonomic 
circulatory control, both in patients and in experimental 
animals with CHF. The severity of the functional auto- 
nomic impairment correlates well with the curtailment 
of cardiac reserve, as shown by studies in various symp- 
tomatic classes.”-!2-14 

There is scant evidence that some of these distur- 
bances may be, at least in part, reversible after recovery 
of CHF. In humans and in experimental animals, di- 
minished urinary and plasma catecholamine levels® and 
recovery of depleted myocardial stores of norepineph- 
rine oecur with reversal of CHF.'> In human CHF 
treated with converting enzyme inhibitors, some in- 
crease in baroreflex sensitivity was also demonstrated.!® 
In other studies, reflex chronotropic responses to hypo- 
tension, but not to hypertension, were restored 8 months 
after reversal of a high-output model of CHF in the 
dog.'? Orthotopic heart transplantation in humans led 
to early improvement in the receptor sinus node and 
plasma norepinephrine responses to both hypertension 
and hypotension,'® and to dynamic exercise.!? The adre- 
nergic excitatory state typically associated with CHF 
was also reversed when cardiac function was restored by 
surgical correction of congenital heart disease.2° Al- 
though the mechanisms responsible for the autonomic 
dysfunction associated with CHF are not fully under- 
stood, blunting of baroreflexes may be due to structur- 
al'’ or functional!’ derangements in the afferent and 
efferent component limbs of the reflex arc. Abnor- 
mal interaction with reflexes arising from volume-over- 
loaded cardiopulmonary receptors has also been ad- 
vanced as a possible mechanism.??! Moreover, circula- 
tory congestion and increased vascular sodium content 
may be responsible for alterations in the mechanical 
properties of the arterial wall at the baroreceptor site.?? 
Acute administration of a vasodilator that reduces both 
afterload and preload to patients with CHF was associ- 
ated with significant changes in the arterial baroreflex 
sensitivity, which correlated well with concomitant de- 
creases in left ventricular filling pressures.” 

A previous study in 2 patients has shown that clini- 
cal compensation of CHF, i.e., simple alleviation of its 
congestive effects by conventional medical management 
could reverse the impairment of the autonomic control 
of heart rate (HR). The purpose of the present investi- 
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A = ascites; BW = body weight; C = compensation; CTR = cardiothoracic ratio; E = edema; H = hepatomegaly; J = raised jugular pressure; LA = left atrium; LVd = left ventricular di- 
mension: LVFS = left ventricular fractional shortening; NS = not significant; NYHA = New York Heart Association; RVd = right ventricular dimension; SEM = standard error of the 
mean; 0 = normal; 1 = upper lobe congestion; 2 = hilar shadowing; 3 = interstitial edema (Kostup classification). 


P- gation was to extend these observations, evaluating the 


sympathetic and parasympathetic regulation of the si- 
nus node, in class IV CHF, before and after its clinical 
compensation. 


METHODS 

Patients: Ten patients (7 men and 3 women, mean 
age 40 years) in sinus rhythm admitted to our hospital 
with New York Heart Association class IV decompen- 
sated CHF comprise the study population. CHF was 
due to several conditions (Table I). The duration of 
CHF averaged 27 months (range 1 month to 8 years) 
and the number of episodes of overt CHF requiring hos- 
pitalization ranged from 1 to 7. All patients signed an 
informed consent before entry into the study protocol, 
which was approved by the ethics committee of our 
medical school university hospital. 

Study protocol: The protocol comprised 2 studies of 
the autonomic circulatory control. The first was per- 
formed at entry, on day 0, when all patients had given 
a history of symptomatic class IV deterioration and 
showed signs of severe pulmonary and systemic conges- 
tion on physical examination. The second evaluation of 
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autonomic function was performed after compensation 
of CHF, as defined by several criteria (Table II): (1) 
symptomatic class reduction; (2) diminished physical 
and radiologic signs of congestion; (3) body weight loss; 
(4) x-ray cardiothoracic ratio reduction; and (5) echo- 
cardiographic evidence of chamber size reduction. The 
time that elapsed between the 2 studies averaged 15 + 3 
days. 

All patients were given digoxin and furosemide ther- 
apy at entry. The digoxin dosage was maintained unal- 
tered throughout the investigation, but in several pa- 
tients the therapeutic regimen was changed after the 
first study (Table I). A moderately strict bed rest was 
established, and the patients were maintained on a diet 
with 70 to 80 mEgq/day of sodium. Three days before 
the second autonomic evaluation, after compensation 
had been achieved, the treatment was modified so as to 
establish the same diet and pharmacologic conditions 
that were present during the first study. 

Methods for assessing autonomic function: All 
studies were performed during the morning in a tem- 
perature-regulated room (22 to 24°C), with the patients 
fasting overnight and with daily medications withheld. 
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In the decompensated state, because several patients 
were too ill to undergo every test or because of technical 
problems, only 5 patients underwent all tests: upright 
tilt, handgrip, Valsalva maneuver, amyl nitrate, phenyl- 
ephrine and atropine. In the other patients, the auto- 
nomic evaluation was limited to the assessment of HR 
responses to tilt, handgrip and atropine. 

Tilt test: After 30 minutes in the supine position, pa- 
tients were passively tilted to a 70° head-up position 
on a table that allowed a change in posture in <3 
seconds.?4 

Isometric exercise: Each patient was acquainted 
with a calibrated spring-type dynamometer? and the 
maximum voluntary contraction of the dominant arm 
was determined. Five minutes later baseline recordings 
were obtained in the supine position, and then the pa- 
tient performed a sustained 30% handgrip for 1 minute. 

Atropine test: Atropine sulphate (0.04 mg/kg) was 
given intravenously at the rate of 0.25 mg/min in the 
supine position. 

Phenylephrine, amyl nitrate and Valsalva tests: 
These tests were performed before atropine injection in 
the supine position. An indwelling catheter was inserted 
into an antecubital vein, and a Cournand 20G needle 
placed after local anesthesia into the brachial artery. An 
intravenous bolus of 25 to 400 ug of phenylephrine hy- 
drochloride was followed by 10 ml of saline flushing, to 
induce a 20- to 30-mm Hg increase in systolic pressure. 
For the amyl nitrate test, the content of 2 ampoules of 
0.2 ml was inhaled during 2 respiratory cycles, so as to 
achieve a decrease in systolic pressure of 10 to 30 mm 
Hg below baseline. For the Valsalva maneuver, the ex- 
piratory pressure was held for 20 seconds at 40 mm Hg. 

Continuous recording of the electrocardiogram at 5 
mm/s was obtained during the tilt, handgrip and atro- 
pine tests. Blood pressure and oral pressure were record- 
ed at 25 mm/s during the phenylephrine, amyl nitrate 
and Valsalva tests. 

Data analysis: HR responses to head-up tilt were 
measured at 10 seconds and 5 minutes in the upright 
position.** The chronotropic responses to handgrip were 
analyzed at 1 minute of isometric effort. Changes in 
HR induced by atropine were measured 5 minutes after 
the intravenous infusion. In these tests HR changes 
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were measured with regard to immediate pretest base- 
line values. 

The data obtained with the phenylephrine test were 
analyzed according to the method described by Smyth 
et al.” In each patient only injections producing regres- 
sion lines with significant correlation coefficients (p 
<0.05) were considered. The slopes of 3 to 4 lines were 
averaged to provide a mean baroreflex sensitivity for 
each patient. The amyl nitrate test was analyzed ac- 
cording to the technique described by Pickering et al.2’ 
Similar to the phenylephrine method, baroreflex sensi- 
tivity values were obtained by plotting successive dimin- 
ishing systolic pressure values and the corresponding 
next cycle RR intervals. An average of 3 tests was ob- 
tained for each patient. 

Blood pressure changes during the Valsalva maneu- 
ver were used to assess the effects of compensation. The 
chronotropic changes observed were measured as the 
Valsalva ratio, i.e., the longest RR interval during the 
poststrain phase IV, divided by the shortest RR interval 
recorded during the expiratory effort.28 Mean values of 
3 tests were obtained for each patient. 

A paired Student’s ¢ test was used to compare mean 
responses of the group in the decompensated and in the 
compensated state of CHF, for all autonomic tests. The 
same test was used to assess statistical significance of 
chronotropic responses elicited by each test with regard 
to baseline values of HR. Changes in the HR responses 
were correlated to corresponding individual changes in 
body weight, cardiothoracic ratio and echocardiograph- 
ic chamber dimensions, by the nonparametric Spear- 
man test. 


RESULTS 

All values reported in the text, tables and figures are 
mean + standard error of the mean for the group, in 
each condition or test. 

Responses to tilting: Before compensation of CHF, 
tilt caused a HR increase from 110 + 6 to 115 + 4 
beats/min at 10 seconds in the upright position (+5%, 
difference not significant) and to 113 + 3 beats/min at 
5 minutes (+3%, difference not significant). After com- 
pensation, HR in the supine position averaged 90 + 4 
beats/min, increasing to 104 + 3 beats/min at 10 sec- 


FIGURE 1. Early (10 seconds) heart rate 
(HR) responses to 70° head-up tilt. Left 
panel, absolute individual heart rate val- 
ues during control (C) and tilt (T), with re- 
spective mean + standard error of the 
mean for both decompensated (DECOMP.) 
and compensated (COMP.) states of con- 
gestive heart failure. Right panel, the indi- 
vidual chronotropic changes elicited by tilt 
are shown in each state. Horizontal bars 
indicate mean values for the heart rate re- 
sponses to tilt. NS = not significant. 


onds of tilt (+15%, p <0.005) and to 110 + 3 beats/ 
min at 5 minutes in the upright posture (+20%, p 
<0.001). Figures 1 and 2 show that HR increments 


L were significantly larger after compensation than in the 


decompensated state during both the early (10 seconds) 
and late (5 minutes) phases of the postural test. Neither 
significant changes in blood pressure nor vasovagal 
fainting was seen in any of the patients in each condi- 
tion of CHF. Average systolic and diastolic blood pres- 
sure values were 141 + 11/95 + 7 mm Hg in the supine 
position and 144 + 11/97 + 8 mm Hg at 5 minutes of 
tilt in the decompensated state; these values are greater 
(p <0.05) than those observed after compensation: 122 
+ 5/83 + 5 mm Hg in the supine position and 122 + 
6/85 + 5 mm Hg after 5 minutes in the upright po- 
sition. 

Responses to handgrip: Handgrip caused significant 
HR changes: during decompensation, it increased from 
110 + 3 to 119 + 3 beats/min (+8%), and after com- 
pensation it increased from 89 + 4 to 110 + 4 beats/ 
min (+23%). Mean increase after compensation was 
significantly larger than in the decompensated state 
(+19 and +9 beats/min, respectively, Figure 3). 

Responses to atropine: Significant (p <0.001) posi- 
tive chronotropic responses were induced in both phases 
of CHF. Before compensation, mean HR increased 
from 108 + 5 to 118 + 4 beats/min and after compen- 
sation it increased from 89 + 4 to 116 + 3 beats/min. 
The average increase of +10 beats/min before compen- 
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FIGURE 2. Late (5 minutes) heart rate 
(HR) responses to 70° head-up tilt. Left 
panel, absolute individual HR values dur- 
ing control (C) and tilt (T), with respective 
mean + standard error of the mean for 
both decompensated (DECOMP.) and com- 
pensated (COMP.) states of congestive 
heart failure. Right panel, the individual 
chronotropic changes elicited by tilt are 
shown in each state. Horizontal bars indi- 
cate mean values for HR responses to tilt. 
NS = not significant. 
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FIGURE 3. Heart rate (HR) responses to 
hand grip (H)—30% of maximum volun- 
tary capacity for 1 minute. Left panel, ab- 
solute individual heart rate values during 
control (C) and hand grip, with respective 
mean + standard error of the mean for 
both decompensated (DECOMP.) and com- 
pensated (COMP.) states. Right panel, the 
individual chronotropic changes elicited by 
hand grip are shown in each state. Hori- 
zontal bars indicate mean values. 
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sation was significantly smaller than that of +27 beats/ 
min after compensation (Figure 4). 

Responses to phenylephrine and amyl nitrate: A 
markedly attenuated baroreflex slope was seen in the 
decompensated state of CHF, for both phenylephrine 
(0.95 + 0.22 ms/mm Hg) and amy] nitrate (0.31 + 0.2 
ms/mm Hg). A striking increase in baroreflex sensitiv- 
ity occurred after compensation, to 8.02 + 231 ms/mm 
Hg with phenylephrine, and to 4.68 + 1.07 ms/mm Hg 
with amyl nitrate (Figure 5). 

Responses to the Valsalva maneuver: Before com- 
pensation of CHF, the typical “square-wave” behavior 
of blood pressure was seen in all patients.’ No signifi- 
cant chronotropic changes were detected. After com- 
pensation, a striking trend toward normalization of 
blood pressure responses was seen (Figure 6), which de- 
picts the phases of decreasing pressure during and im- 
mediately after the expiratory effort, and the poststrain 
overshoot usually seen in normal subjects. In this condi- 
tion, HR increased during strain, and was reduced im- 
mediately after the expiratory effort. The Valsalva ratio 
increased from 1.02 + 0.01 during decompensation to 
1.53 + 0.26 after compensation (p <0.05). 

Correlation between changes in the indexes of com- 
pensation and corresponding improvement in reflex 
chronotropic responses: A generally poor correla- 
tion was found between changes in HR responses to 
each test and corresponding individual changes in body 
weight, cardiothoracic ratio and echocardiographic di- 
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mensions, taking these parameters as continuous vari- 
ables. The only significant correlations refer to improve- 
ment in chronotropic responses elicited by atropine and 
5 minutes of head-up tilt and the corresponding reduc- 
tions in body weight (Figure 7). 


DISCUSSION 

This study provides evidence that striking im- 
provement in the depressed baroreflex control of HR 
occurs when compensation of class IV CHF is achieved 
through conventional medical therapy. The augmented 
HR responses to late upright tilt and to the strain of 
Valsalva maneuver indicate a better sympathetic con- 
trol of HR after compensation of CHF. A concomitant 
improvement in the parasympathetic cardiac system is 
reflected by increased baroreflex sensitivity to transient 
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FIGURE 5. Individual baroreflex sensitivity values obtained 
with phenylephrine and amyl nitrate during decompensation 
(DECOMP.) and compensation (COMP.) of congestive heart 
failure. The individual sensitivity values were obtained accord- 
ing to the methods described in references 26 and 27. 
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FIGURE 4. Heart rate (HR) responses to 
intravenous atropine, 0.04 mg/kg body 
weight. Left panel, absolute individual HR 
values during control (C) and after atro- 
pine (A), with respective mean + standard 
error of the mean for both decompensated 
(DECOMP.) and compensated (COMP.) 
states. Right panel, the individual chrono- 
tropic changes induced by atropine are 
shown in each state. 


hypertension and hypotension induced by pharmacolog- 
ic interventions. An increased tonic vagal restraint on 
the sinus node, in the compensated state, is revealed by 
augmented HR responses to atropine. In addition, a 
clear resetting to lower range was seen in the baseline 
HR after compensation; a significant bradycardia was 
seen after compensation during the phase IV overshoot 
of the Valsalva maneuver, and a more prominent vagal 
withdrawal is disclosed during the early (10 seconds) 
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FIGURE 6. Heart rate (top panel) and systolic arterial pres- 
sure (bottom panel) responses to the Valsalva maneuver —40 
mm Hg for 20 seconds. Values represented correspond to the 
average obtained in 5 patients before and after compensation 
of congestive heart failure. Phases I to IV of the Valsalva ma- 
neuver are shown as defined in reference 28. C = control. 
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FIGURE 7. Correlation between the indi- 
vidual changes in heart rate responses 
(HRR) to atropine and tilt, and corre- 
sponding variations in body weight after 
compensation of congestive heart failure. 
B.W. = body weight. 


response to tilt.” Finally, although predominantly medi- 
ated by vagal efferent pathways,”> the increased chrono- 
tropic responses to handgrip after compensation also re- 
flect an improved sympathetic control of HR. 

The present findings are consistent with results of 
previous studies showing that the autonomic impair- 
ment was greater in patients with more severe symp- 
toms.!>!4 However, no studies are available reporting a 
deterioration of the autonomic control of the heart, in 
the same group of patients, as CHF worsens. The pres- 
ent findings are unique in that only class IV decompen- 
sated patients had an autonomic evaluation performed 
before and after compensation of CHF. One could spec- 
ulate that a good correlation might exist between the 
effects of compensation on HR changes elicited and the 
respective individual changes in clinical indexes of con- 
gestion. However, significant correlation was only found 
regarding body weight reduction, and changes in HR 
responses to the orthostatic stress and atropine. Lack of 
significant correlations regarding responsiveness to oth- 
er tests may be due to the small number of patients 
whose response was assessed. 

A study in patients with orthotopic cardiac trans- 
plants provided direct evidence of an early and complete 
recovery of baroreflex-mediated responses of the recipi- 
ent atrial sinus node.'* These results led to the conclu- 
sion that neurohumoral rather than structural abnor- 
malities were responsible for the impairment of barore- 
flex responses in CHF.'* Our own results support this 
hypothesis, showing that an important component of the 
baroreflex derangement in cardiac failure is reversible 
early after compensation of CHF. Alleviation of conges- 
tion probably causes decreased sodium and water con- 
tent of the arterial wall; this could increase the sensitiv- 
ity of the arterial baroreflex by providing more favor- 
able conditions of distensibility and extent of distortion 
of the receptors during pressure changes.'*:? In fact, 
reversible structural changes in aortic baroreceptors 
were shown in dogs with chronic volume overload.° 

In conscious dogs subjected to acute volume over- 
load, marked blunting of arterial baroreflex responses 
was interpreted as possibly caused by overriding effects 
resulting from excessive stimulation of low-pressure re- 
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ceptors.7! Excessive stimulation of low-pressure recep- 
tors could cause reduced arterial baroreflexes in human 
CHF and, conversely, a better setting of interaction be- 
tween the 2 systems would prevail after compensation. 
However, it is not possible to reconcile this hypothesis 
with evidence that CHF induced by a variety of experi- 
mental procedures leads to impairment instead of over- 
activation of atrial receptor responses.*?? Moreover, re- 
versal of chronic high-output failure caused an increase 
in sensitivity of atrial receptors, accompanied by regres- 
sion of cardiac dilatation.’ 

A possible mechanism for improved HR control 
could be reversible down-regulation at the efferent re- 
ceptors site, particularly in regard to adrenergic re- 
sponses.’ The contribution of this factor cannot be as- 
sessed by data from the present study. 

In contrast to previous studies of patients with heart 
transplants,'*:!? this investigation showed partial revers- 
ibility of baroreflex abnormalities associated with rever- 
sal of congestive phenomena, without recovery of myo- 
cardial function. Thus, an essentially severely diseased 
heart remained. This phenomenon is similar to studies 
in heterotopic cardiac transplantation showing that the 
recipient heart had normal chronotropic responses to ac- 
tive orthostasis, isometric exercise and Valsalva maneu- 
ver 6 to 15 months after transplantation.*° In this model 
of heart transplantation, the functional recovery of cir- 
culatory conditions is dependent on a normally contract- 
ing but denervated donor heart, whereas the recipient 
heart remains diseased, even though largely alleviated 
of the previous burden represented by adverse ejection 
and filling conditions (at least partly due to the abnor- 
mal adrenergic and humoral activation). 

In conclusion, the present study provides evidence 
that a reversible component of the impairment of baro- 
reflex control of HR is essentially dependent on the con- 
gestive effects of CHF. 
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To study the natural history of the hemodynamic 
performance of bioprosthetic heart valves, Doppler 
echocardiograms were recorded in a group of clini- 
cally stable patients at 2 and 5 years after replace- 
ment of native aortic valves with bioprosthetic 
valves. Eighteen patients completed a 2-year and 
26 patients a 5-year follow-up examination. The 
effective orifice areas of identical models of bio- 
prosthetic valves (Hancock Il) were determined in 
vitro in a left-sided heart pulse duplicator system. 
In vivo Doppler-derived effective orifice areas were 
compared with the in vitro measurements for the 
same valve size. At both the 2- and 5-year follow- 
up examinations, the Doppler-derived effective ori- 
fice area was significantly less than the in vitro 
area (p <0.0001 at each interval). Ten of 16 valves 
evaluated serially decreased >0.20 cm? in the 
Doppler-derived effective orifice area between 
studies. The mean decrease in effective orifice area 
in valves evaluated serially was 0.25 + 0.29 cm (p 
<0.005). The peak transaortic gradient increased 
from 21 + 6 to 27 + 8 mm Hg (p <0.01). The mean 
transaortic gradient increased from 12 + 4 to 15 + 
7 mm Hg (p <0.05). It is concluded that serial 
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vasive determination of peak and mean trans- 

valvular gradients across both native and bio- 
prosthetic valves.'-> Valve areas calculated by Doppler 
echocardiography correlate well with valve areas mea- 
sured at catheterization.'* Using Doppler methods, it 
may be possible to obtain serial evaluations of the he- 
modynamic performance of bioprosthetic valves in order 
to identify dysfunction before the development of clini- 
cal symptoms. Thus, this study compares the effective 
orifice areas determined by Doppler and in vitro meth- 
ods and prospectively evaluates serial hemodynamic 
changes in a group of patients without clinical evidence 
of bioprosthetic valve dysfunction. 


METHODS 

Patients were enrolled in this study at the time of 
valve replacement with a Medtronic Hancock II porcine 
xenograft. They were asked to return for follow-up 
evaluations at 2 and 5 years after aortic valve replace- 
ment. Evaluations involved history, physical examina- 
tion, and 2-dimensional and Doppler ec 
Patients were enrolled if they were clinically stable, in 
New York Heart Association functional class I or II, 
and had a physical examination by a cardiologist consis- 
tent with normal valve function. The 2-year examina- 
tions were designated as “early” follow-up and the 5- 
year examinations as “late” follow-up. Of 49 patients 
undergoing a Hancock II aortic valve replacement from 
1984 to 1986 at the Brigham and Women’s Hospital, 
18 patients agreed to early follow-up and 26 to late fol- 
low-up. Six of the initial 49 patients died within 5 years 
after valve implantation and did not participate in this 
study. Thromboembolism occurred in 1 patient enrolled 
in the study. 

Two-dimensional echocardiograms, recorded with 
patients in the left lateral decubitus position, were ob- 
tained with a Hewlett Packard 77020 AC/AR phased 
array ultrasonoscope device using a 2.5-MHz transduc- 
er. Parasternal short- and long-axis, apical 4- and 5- 
chamber and second right intercostal space images were 
recorded. Pulsed-wave Doppler sampling of left ventric- 
ular outflow tract flow was recorded from the apical 5- 
chamber view, with the sample volume beneath the aor- 
tic valve leaflets. Continuous-wave Doppler sampling of 


D oppler echocardiography allows accurate nonin- 
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TABLE I Characteristics of Patients and Bioprostheses in 
Study 











No. of pts. 16 









Heart rate (beats /min) 71.44120 69.1 + 12.3 
Stroke volume (ml) 79.8 +9.3 76.2 +13.3 
Cardiac output (liters /min) 5641.2 5.24+1.2 
No. of Pts. 
Aortic valve size 
21mm 1 2 
23mm 13 12 







25mm 12 





Pulsed-wave Doppler sampling of the left ventricular 
outflow tract from the apical 5-chamber position was 
used to evaluate aortic insufficiency in the early study; 
pulsed-wave and Doppler color-flow mapping were used 
to evaluate aortic insufficiency in the late study. Aortic 
insufficiency was semiquantitated with the methods of 
Ciobanu,® Perry,’ and their co-workers. 

An off-line digitizing analysis program, Cardiology 
Workstation (GTI Freeland Medical Division), was 
used to analyze echocardiographic data. The left ven- 
tricular outflow tract diameter was measured from the 
parasternal long-axis view in systole; a mean of 3 con- 
secutive beats was used. Left ventricular outflow tract 
and transaortic Doppler flow velocity profiles were digi- 
tized by an investigator blinded to the valve sizes. For 
each Doppler measurement, 5 spectral envelopes were 
averaged and analyzed for patients in sinus rhythm; 10 
spectral envelopes were analyzed for those in atrial fi- 
brillation. Peak and mean gradients were calculated 
with the modified Bernoulli equation, as previously de- 
scribed.° 

The stroke volume was calculated as the product of 
the left ventricular outflow tract cross-sectional area 
and the velocity time integral (VTI) of the left ventricu- 
lar outflow tract. The effective orifice area was deter- 
mined as follows**: aortic effective orifice area = stroke 
volume/VTI of transaortic flow. 

Pulsatile flow experiments were conducted with sa- 
line solution in the left-sided heart pulse duplicator sys- 
tem of the Georgia Institute of Technology. A detailed 
description of the pulse duplicator system and aortic 
flow chamber has been published previously.?:'° New 
Hancock II bioprostheses of various sizes were placed in 
the system, with physiologic conditions as follows: (1) 
heart rate of 70 beats/min, (2) systolic time of 300 ms 
and diastolic time of 560 ms, (3) mean aortic pressure 
of 90 to 100 mm Hg, and (4) cardiac output in the 
range of 2.0 to 7.5 liters/min. Pressure drops across the 
valve were measured with Statham physiologic pressure 
transducers (P23 ID) interfaced to Honeywell bridge 
amplifiers (218-1). The pulsatile volumetric flow rate 
was monitored with a Carolina Medical electromagnet- 
ic flowmeter (FM 501) and a 25-mm (inner diameter) 
cannulating flow probe (EP 680). The analog signal 
outputs from the bridge amplifiers and electromagnetic 
flowmeter were interfaced to an Apple II Plus micro- 
computer via a 16-channel analog-to-digital convertor.'! 
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TABLE Il In Vitro Effective Orifice Areas for Hancock I! 


Effective Orifice Area (cm?) 


1.46 +0.10 
1.81 +0.15 
2.07 +0.18 


Values aremean + standard deviation. 





These signals were digitized at the rate of 500 to 1,000 
samples per second and analyzed on-line by the micro- 
computer for >10 consecutive cardiac cycles. 

From the pressure drop measurements, the effective 
orifice area was estimated according to the following 
equation: effective orifice area = Qins/(51.6 - +/P), 
where „/P is the square root of the mean systolic or 
diastolic pressure drop across the valve in mm Hg, and 
Q.ms is the root mean square of the systolic or diastolic 
flow rate (cm?/s).!™!? The effective orifice area was av- 
eraged over cardiac outputs of 2.0 to 7.5 liters/min, rep- 
resenting the mean + standard deviation of 40 sample 
points for each valve size.!! 

Statistics: Mean values + standard deviation were 
determined for stroke volume, mean gradients, peak 
gradients and effective orifice areas. Comparisons were 
made between these variables with paired Student’s t 
tests. Comparisons of the difference between in vitro 
and Doppler-derived effective orifice areas were also 
made with paired Student’s ¢ tests. A p value <0.05 was 
considered statistically significant. 


RESULTS 

Clinical characteristics: The 26 patients returning 
for late fellow-up were aged 59 + 18 years (range 27 to 
89) and 20 were men. Early follow-up occurred at 25 + 
5 months and late follow-up at 59 + 7 months after 
valve replacement. Of 16 patients completing both 2- 
and 5-year examinations, the time interval between 
studies was 34 + 1 months. At late follow-up, 24 pa- 
tients were in New York Heart Association class I and 
2 were in class II. 

Bioprosthetic aortic regurgitation was observed by 
Doppler echocardiography in 5 of 18 patients (28%) 
during the early examination and in 9 of 26 patients 
(35%) during the late examination (difference not sig- 
nificant). Seven patients had mild (1+) and 2 had mod- 
erate (2+) aortic regurgitation at late follow-up. 

The mean heart rate of patients at early and late 
follow-up was 71 + 12 and 69 + 13 beats/min, respec- 
tively (Table I). Mean cardiac output was 5.7 + 1.2 
liters/min at early follow-up and 5.3 + 1.1 liters/min at 
late follow-up. Thus, the mean patient heart rate did not 
differ significantly from that used in the in vitro testing 
(70 beats/min). Mean cardiac output at both follow-up 
times was in the middle of the range of cardiac outputs 
used in the in vitro experiments. 

The im vitro effective orifice area increased as the 
size of the bioprosthetic valve ring increased (Table II). 
The Doppler-derived effective orifice area was com- 
pared to the in vitro area of valves of the same ring size. 


The Doppler-derived effective orifice areas at both early 
and late follow-up were significantly smaller than those 
determined in vitro (Figure 1, A and B). At early fol- 
low-up, the mean difference was 0.21 + 0.20 cm? (p 
<0.0001). Three years later, the difference between the 
in vitro and Doppler-derived effective orifice areas was 
0.41 + 0.32 cm? (p <0.0001). 

Ten of 16 patients (63%) with serial studies had a 
decrease of >0.20 cm? in the effective orifice area and 
only 1 patient had an increase of >0.20 cm. The mean 
decrease in effective orifice area for all valves was 0.25 
+ 0.29 cm? (p <0.005) (Figure 2). The aortic transval- 
vular peak and mean gradients both increased over 
time. The peak gradient increased from 21 + 6 to 27 + 
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Effective Orifice Area (Echo), cm 


1.0 1.5 2.0 2.3 


Effective Orifice Area (in vitro), cm’ 
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Effective Orifice Area (Echo), cm 
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Effective Orifice Area (in vitro), cm’ 





FIGURE 1. A, effective orifice area in vivo determined by 
Doppler echocardiography (Echo) versus effective orifice area 
in vitro at 2 years after valve replacement. B, effective orifice 
area in vivo determined by Doppler echocardiography versus 
effective orifice area in vitro at 5 years after valve replace- 
ment. Diagonal line is the line of identity. 
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8 mm Hg (p <0.01) (Figure 3). The mean aortic gradi- 
ent increased from 12 + 4 to 15 + 7 mm Hg (p <0.05) 
(Figure 4). For patients with serial examinations, the 
stroke volume between the 2 examinations did not sig- 
nificantly differ; the early stroke volume was 80 + 9 ml 
and the late stroke volume was 76 + 14 ml (p = 0.27). 


DISCUSSION 

This study used Doppler echocardiographic methods 
to evaluate bioprosthetic valve function 2 and 5 years 
after porcine aortic valve replacement. In these patients 
without clinical evidence of valve dysfunction, a de- 
crease in the effective orifice area was accompanied by 
an increase in transvalvular gradients. Previous studies 
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FIGURE 2. Effective orifice areas in vivo as determined by se- 
rial Doppler echocardiographic studies at 2 (early) and 5 (late) 
years after valve replacement. 


PEAK GRADIENT (mmHg) 
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FIGURE 3. Peak transvalvular gradients as determined by se- 
rial Doppler echocardiographic studies at 2 (early) and 5 (late) 
years after valve replacement. 
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FIGURE 4. Mean transvalvular gradients as determined by se- 
rial Doppler echocardiographic studies at 2 (early) and 5 (late) 
years after valve replacement. 


have evaluated gradients in bioprosthetic valves at vari- 
ous times after replacement.'?'* These series did not 
systematically study patients at a uniform time after op- 
eration.'*:'° Assessing “normal” transvalvular gradients 
at variable times may affect the results, as some investi- 
gators noted high gradients across some valves in the 
early postoperative period.'© These data demonstrate 
that the valve gradient and area depend not only on the 
type and size of valve but also on the time from inser- 
tion. This decrease in prosthetic effective orifice area 
was noted 2 to 5 years after operation in a population 
that was doing well clinically and before the usual ap- 
pearance of clinical valve dysfunction (8 to 12 years af- 
ter operation).!’ 

The Doppler-derived effective orifice area was sig- 
nificantly smaller than the in vitro orifice area 2 and 5 
years after operation. This difference may reflect the 
fact that valvular changes, thickening and calcification 
occurred since valve implantation, and probably repre- 
sents early valvular degeneration. Alternatively, the dif- 
ference could be secondary to errors in the in vitro or in 
vivo calculations of orifice area. Systematic underesti- 
mation of the orifice area by Doppler echocardiography 
could arise from inadequate measurement of the left 
ventricular outflow tract diameter, errors in the assump- 
tion that the left ventricular outflow tract is circular, or 
incident angle errors in measuring the velocities by ul- 
trasound. These issues could be partially resolved by re- 
cording an adequate Doppler echocardiogram shortly 
after implantation. Unfortunately, the continuity equa- 
tion was not in frequent use at the time of valve implan- 
tation in these patients and adequate Doppler echocar- 
diograms were not recorded until 2 years after opera- 
tion. Although no echocardiographic data are available 
for Hancock II valves early after implantation, a recent- 
ly performed study of a new bioprosthetic valve demon- 
strated a good correlation between in vitro and Doppler- 
derived areas obtained shortly after implantation.'* 
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Serial changes in orifice area and gradients were not 
secondary to changes in stroke volume and most likely 
represent early valvular degeneration. This degeneration 
may occur as collagen in the leaflets is disrupted, allow- 
ing binding of calcium to the valve at points of maximal 
stress and changing stiffness and bending properties of 
the leaflets.'”-°! The percentage of patients with regur- 
gitant lesions was not significantly different between 
echocardiographic studies. Two patients developed mod- 
erate aortic regurgitation. In 1 of these, the effective 
orifice area increased from 1.80 to 2.06 cm2, possibly 
secondary to an increase in stroke volume. Increases in 
stroke volume can lead to increases in effective biopros- 
thetic valve area.” Regurgitant lesions, often due to 
leaflet tears, may develop more acutely than stenotic 
lesions and lead to sudden decompensation; this may ex- 
plain why progressive regurgitation was not observed in 
this stable population 5 years after valve replacement. 

Although only patients with Hancock II biopros- 
theses were examined in this study, there is no evidence 
that the leaflets of this bioprosthesis degenerate more 
rapidly than other currently available bioprostheses. It 
is reasonable to apply the basic principles of this study 
to the evaluation of other types of bioprostheses. Serial 
determinations of effective orifice areas may allow as- 
sessment of the durability of these valves before clinical 
manifestations of valve failure develop. 
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Clinical and Doppler Echocardiographic 
Follow-Up After Percutaneous Balloon 
Valvuloplasty for Aortic Valve Stenosis 


Annette Geibel, MD, Wolfgang Kasper, MD, Nikolaus Reifart, MD, 
Thomas Faber, MD, and Hanjérg Just, MD 


Percutaneous balloon valvuloplasty has been shown 


to increase the aortic orifice area and to improve 
clinical symptoms. However, there are only few 
data concerning long-term results after balloon val- 
vuloplasty. In this study, 36 patients (11 men, 25 
women, mean age 75 + 8 years) were followed af- 
ter balloon valvuloplasty for a period of up to 18 
months by means of clinical parameters and re- 
peated Doppler echocardiographic measurements 
after 1, 3, 6, 12 and 18 months. Invasive measure- 
ments revealed a decrease of the systolic peak gra- 
dient from 78 + 24 to 38 + 13 mm Hg (p <0.001), 
and an increase in the aortic orifice area from 0.58 
+ 0.23 to 0.93 + 0.2 cm? (p <0.001). The Doppler 
echocardiographic approach revealed that the max- 
imal instantaneous gradient decreased from 96 + 
26 to 67 + 22 mm Hg (p <0.001). The aortic ori- 
fice area increased from 0.49 + 0.16 to 0.73 + 
0.21 cm? (p <0.001). Three patients (8%) died in 
the hospital. After hospital discharge, 16 patients 
(44%) died and 8 patients (22%) underwent suc- 
cessful aortic valve replacement after a mean fol- 
low-up of 8 + 6 months. Nine patients (25%) were 
alive after a follow-up period of 18 months. Seven 
of these (19%) remained clinically improved. Dur- 
ing follow-up, the Doppler echocardiographic re- 
sults revealed a continuous trend toward the pre- 
procedural severity of the aortic valve stenosis. 
Progression of restenosis assessed by Doppler 
echocardiographic measurements was accelerated 
in the group of patients who subsequently died or 
underwent repeat balloon valvuloplasty or aortic 
valve replacement. 

(Am J Cardiol 1991;67:616-621) 
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loplasty of valvular aortic stenosis in 1986,' this 
technique was initially favored as an alternative 
therapy to the surgical approach.*-° Balloon valvulo- 
plasty of severe aortic stenosis has been proposed mainly 
for elderly patients considered at high risk for valve re- 
placement.’* Initial hemodynamic results of this tech- 
nique were promising. In most patients, invasive mea- 
surements obtained immediately after balloon valvulo- 
plasty indicated a significant increase in the aortic valve 
orifice area, which subsequently resulted in a marked 
improvement of clinical symptoms. During follow-up, 
restenosis seemed to occur frequently.?-'> However, in- 
cidence and extent of restenosis determined by repeat 
Doppler echocardiography over a longer follow-up peri- 
od had only been described in a few studies, particularly 
in selected patients.!4"!° 
In the present study, consecutive patients were fol- 
lowed for periods of 18 months after balloon valvulo- 
plasty of the aortic valve in order to assess data on the 
mortality, morbidity, clinical symptoms and the time 
course of restenosis determined by Doppler echocardio- 
graphic data. 


S ince the introduction of percutaneous balloon valvu- 


METHODS 

Patients: From February 1987 to July 1988, 36 pa- 
tients with severe degenerative calcific aortic valve 
stenosis underwent percutaneous balloon valvuloplasty. 
Eleven men and 25 women at a mean age (+ standard 
deviation) of 75.3 + 7.5 years (range 50 to 91) were 
studied. All patients were highly symptomatic: 33 of 
36 patients (92%) had New York Heart Association 
[NYHA] functional class III and IV heart failure; 3 
patients (8%) were classified in class II. Recurrent syn- 
cope had been documented in 10 patients (28%). Twen- 
ty-two patients (61%) had severe chest pain. 

Technique of percutaneous balloon valvuloplasty: 
Written consent was obtained from all patients before 
intervention. Catheterization was performed in 31 pa- 
tients (86%) under local anesthesia and mild sedation 
(10 mg of diazepam). In 5 patients (14%), balloon val- 
vuloplasty had to be performed under general anesthe- 
sia with endotracheal intubation because of severe heart 
failure. Exclusion criteria were aortic regurgitation, an- 
giographic grade >II, and 3-vessel coronary artery dis- 
ease. Of patients included in this study, 1 (3%) had 1- 
vessel and 7 (19%) 2-vessel disease. After measurement 
of the transvalvular gradient over the aortic valve, cardi- 
ac output was determined by the thermodilution tech- 


nique. Aortic valve orifice area was calculated by the 
Gorlin formula. The technique of aortic balloon valvulo- 
plasty has been previously described in detail.* 

Doppler echocardiography: All measurements were 
performed using a commercially available pulsed- and 
continuous-wave Doppler. Patients were examined | 
day before and <48 hours after balloon valvuloplasty, 
as well as at defined control intervals. To determine 
maximal velocities at the level of the aortic valve steno- 
sis, standard views were obtained from the apical, right 
parasternal and suprasternal views. Mean and maximal 
instantaneous pressure gradients were calculated from 
the maximal and mean velocities measured in the left 
ventricular outflow tract and within the stenotic valve 
area, according to the modified Bernoulli equation. The 
diameter of the left ventricular outflow tract was mea- 
sured from a parasternal long-axis view. The aortic ori- 
fice area was determined by the continuity equation 
whenever possible.”° Calculation of the aortic valve ori- 
fice area during follow-up was performed by using the 
initial left ventricular outflow tract diameter. This was 
done to minimize the interobserver variability, which 
was previously shown to be 6%.”! Doppler echocardio- 
graphic examinations were performed by well-trained 
and experienced physicians. Severity of the aortic insuf- 
ficiency was estimated semiquantitatively by determin- 
ing the amount of regurgitation in the left ventricle, us- 
ing the apical and parasternal views. Regurgitation up 
to half of the left ventricle was classified as grade II, 
and up to two-thirds into the left ventricle as grade III. 
Aortic regurgitation of grade IV was determined if re- 
gurgitation was observed up to the left ventricular apex. 

Follow-up: All patients were followed for a maxi- 
mum of 18 months or until the patient underwent aortic 
valve replacement or died. The mean follow-up period 
was 10 + 7 months (range 1 to 18). Patients were seen 
after 1, 3, 6, 12 and 18 months. Clinical status was as- 
sessed by patients’ responses to a standard question- 
naire. Clinical examinations and Doppler echocardiog- 
raphy were repeated according to a standard protocol. 

Statistical evaluation: Clinical, hemodynamic and 
Doppler echocardiographic results are described as the 
mean value + standard deviation. Changes of hemody- 
namic parameters were analyzed by a paired Student's t 
test. 


RESULTS 

Acute changes after percutaneous balloon valvulo- 
plasty: INVASIVE QUANTIFICATION OF AORTIC VALVE STENO- 
SIS BEFORE AND AFTER BALLOON VALVULOPLASTY: After 
balloon valvuloplasty, systolic peak gradient decreased 
from 78 + 24 to 38 + 13 mm Hg (p <0.001). Aortic 
valve orifice area increased from 0.58 + 0.23 to 0.93 + 
0.20 cm? (p <0.001), whereas cardiac output remained 
unchanged in almost all patients. In 1 patient, aortic 
regurgitation of grade III was present after balloon val- 
vuloplasty. 

DOPPLER ECHOCARDIOGRAPHIC QUANTIFICATION OF 
AORTIC VALVE STENOSIS BEFORE AND AFTER BALLOON VAL- 
VULOPLASTY: The Doppler echocardiographic changes 
after balloon valvuloplasty are listed in Tables I through 
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III. The maximal instantaneous gradient decreased 
from 96 + 26 to 67 + 22 mm Hg (p <0.001). The 
aortic valve orifice area increased from 0.49 + 0.16 to 
0.73 + 0.21 cm? (p <0.001). Before valvuloplasty, aor- 
tic regurgitation was present in 22 patients (61%; grade 
I: 15 patients, grade II: 7 patients). After balloon valvu- 
loplasty, aortic regurgitation developed or worsened in 
12 patients (33%): in 5 patients each, grade 0 deterio- 
rated to grade I/II or increased from grade I to II, and 
in 1 patient each, regurgitation deteriorated from grade 
II to III and from grade I to II. 

Long-term results after percutaneous balloon val- 
vuloplasty: CLINICAL OUTCOME AND DOPPLER ECHOCAR- 
DIOGRAPHIC RESULTS AFTER BALLOON VALVULOPLASTY: A 
total of 39 procedures of aortic balloon valvuloplasty 
were performed (including repeat valvuloplasty in 3 pa- 
tients). Doppler echocardiographic data during the fol- 
low-up are listed in Tables I through III. 

The in-hospital mortality rate after valvuloplasty 
was 8% (3 patients). In 1 patient, cardiopulmonary re- 
suscitation was required during valvuloplasty because of 
ventricular fibrillation. This patient died from progres- 
sive cardiogenic shock 1 week after valvuloplasty. A sec- 
ond patient died immediately after valvuloplasty from 
cardiogenic shock, and a third patient died suddenly 3 
hours after aortic valvuloplasty. 

Thirty-three patients (92%) left the hospital and 
were followed for 10 + 7 months (range 1 to 18). The 
life-table analysis revealed the time course during the 
follow-up (Figure 1). After 18 months, 17 patients 
(47%) were alive; however, only 9 patients were event- 
free and did not need further interventions. The change 
in aortic valve area and pressure gradient over the fol- 
low-up for the entire study population is shown in Fig- 
ure 2. A continuous trend toward the preprocedural val- 
ue was observed. Because of further analysis, patients 
were grouped as follows: patients who died during the 
follow-up period (group I), patients who underwent aor- 
tic valve replacement or repeated valvuloplasty (group 
II) and those who were either event-free or did not re- 
quire further interventions (group III). 

Fourteen patients (39%, group I) died after a mean 
of 6 + 5 months (Table I). Doppler echocardiographic 
results obtained immediately after balloon valvuloplasty 
demonstrated a 62% increase in the aortic valve orifice 
area and a 33% decrease of the maximal instantaneous 
gradient. However, a clear tendency to restenosis could 
be observed after 1 month. After 6 months, the increase 
in the aortic valve orifice area was 19 + 16% (Figure 3). 
When the last investigation before death was consid- 
ered, aortic valve orifice area was calculated as 0.56 + 
0.1 cm? and the maximal instantaneous gradient as 78 
+ 34 mm Hg; both values were similar to the preproce- 
dural values. 

Group II comprised 10 patients (28%) who under- 
went a second intervention (Table II). Seven patients 
(19%) underwent successful aortic valve replacement 
after a mean follow-up of 8 + 7 months. In 1 patient, 
severe aortic regurgitation was observed after balloon 
valvuloplasty. Five patients required aortic valve re- 
placement because of progressive heart failure. A repeat 
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valvuloplasty was performed in 3 patients (8%) because 
of clinical and hemodynamic evidence of restenosis. 
Two of these died from cardiogenic shock 1 week and 2 
months after the second balloon valvuloplasty. Aortic 
valve replacement was performed after 6 months in the 
third patient. The Doppler echocardiographic results re- 
vealed that balloon valvuloplasty was less effective in 
these 10 (increase in aortic orifice area: 43 + 22%). 
However, clinical symptoms initially improved in almost 
all patients. During follow-up, there was a slight deteri- 
oration of the aortic orifice area after 3 months in most 
patients. With regard to the last investigation before 
aortic valve replacement or before the second balloon 
valvuloplasty, aortic valve orifice area was similar to the 
preprocedural area in most of the patients, whereas the 
maximal instantaneous gradient remained lower than 
the prevalvuloplasty value. 

In group III, 9 of 36 patients (25%) were alive and 
had an event-free course after balloon valvuloplasty. 
One patient refused the study after doing well for 18 


months. In this group, 7 patients were clinically im- 
proved (NYHA class II). The other 2 patients, aged 83 
and 74 years, were NYHA class III; both refused surgi- 
cal intervention. Doppler echocardiographic measure- 
ments revealed a significant increase in the aortic valve 
area (47 + 43%) and a significant reduction of the max- 
imal instantaneous gradient immediately after balloon 
valvuloplasty (Table III). During follow-up, Doppler 
echocardiographic results revealed a slower deteriora- 
tion of the initial success from valvuloplasty, compared 
with groups I and II (Figure 3). 


DISCUSSION 

Elderly patients with severe valvular aortic stenosis 
are known to be at increased risk for surgical interven- 
tion.» Consequently, there was increasing interest in the 
development and application of percutaneous balloon 
valvuloplasty as palliative treatment for severe aortic 
valve stenosis.'"’ Several hemodynamic studies address- 
ing the acute response of percutaneous balloon valvulo- 


TABLE I Group |: Patients Who Died In-Hospital* and During Follow-Up (Aortic Valve Orifice Area [cm?]/ Maximal Instantaneous 


5. ler aa aa ae a a 
+ : Saal a 


Gradient [mm Hg]) 


Balloon Valvuloplasty 


Before 
0.46/56 
—/102 
0.51/81 
0.51/151 
—/108 
—/96 
0.37 /82 
0.42/73 
—/98 
0.50/75 
0.53/55 
0.60/59 
0.75/70 
0.40/107 
0.40/94 
—/86 


14 0.30/68 


After 


0.91/40 
—/74 
0.86/50 
0.60/117 
(+18% /—23%) 
—/70 
(—/-35%) 
—/72 
(—/-25%) 
0.56/66 
(+51% /—20%) 
0.77/35 
(+83% /—52%) 
—/80 
(—/-18%) 
0.78/32 
(+56% /—57%) 
0.88/35 
(+66% /—36%) 
0.70/49 
(+17%/—-17%) 
1.20/40 
(+60% /—43%) 
0.87/48 
(+117%/—53%) 
0.60/65 
(+50% /-—31%) 
—/70 
(—/-19%) 
0.60/45 
(+100% /-—34%) 


Mean values of the aortic valve orifice area 


0.48+0.12 


0.76+0.18 
(+62 + 30%) 


Follow-Up 


1 Month 


0.60/118 
(+18% /—23%) 
—/70 

(— /-35%) 
+ (unwitnessed) 


0.55/68 
(+49% /-17%) 

0.76/37 
(+81% /—49%) 
+ SD 


0.60/81 
(+20% /+8%) 

0.72/37 
(+36% /-33%) 
+ CHF 


1.00/60 
(+33% /—14%) 

0.60/75 
(+50% /—28%) 
+ CHF 


+ (unwitnessed) 


+SD 


0.69 + 0.14 


(+41 + 20%) 


Mean values of the maximal instantaneous gradient 


87.3+ 23.9 


58.9 + 22.3 
(—33 + 13%) 


68.3 + 24.3 


(—24 + 16%) 


CHF = congestive heart failure; SD = sudden death; — = data not available. 
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3 Months 


0.60/120 
(+18%/-—21%) 
FSD 


0.54/70 

(+46% /—15%) 
0.76/40 

(+81% /—45%) 


0.57/85 
(+14%/+13%) 

0.60/40 
(+13% /-27%) 


0.40/70 
(-47% /0%) 
+ CHF 


0.57 +0.11 
(+21 + 39%) 


70.8 + 27.4 
(—16 + 19%) 


6 Months 


0.56/125 
(+10%/—17%) 


0.54/75 
(+46% /-9%) 
+CHF 


0.57/85 
(+14% /+13%) 
0.56/50 
(+6% /—9%) 


+ CHF 


0.56+ 0.01 
(+19+ 16%) 


83.8 + 27.0 
(-6+ 11%) 


12 Months 


0.50/161 
(—2% /+7%) 


18 Months 
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TABLE Il Group ||: Patients Who Underwent Aortic Valve Replacement/ Second Balloon Valvuloplasty (Aortic Valve Orifice Area 
[cm2]/Maximal Instantaneous Gradient [mm Hg]) 





Follow-Up 
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1 Month 3 Months 6 Months 12 Months 18 Months 


Balloon Valvuloplasty 





No. Before After 
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0.47+0.15 






109.0 + 22.5 






(+67% /—16%) 


Mean values of the aortic valve orifice area 


0.65+ 0.14 
(+43 + 22%) 


78.3417.2 
(—28 + 10%) 





TABLE Ill Group Ill: “Alive” Patients (Aortic Valve Orifice Area [cm?]/ Maximal Instantaneous Gradient [mm Hg]) 





Balloon Valvuloplasty 


Before 


0.34/161 
—/108 
0.51/120 
0.67/99 
0.47/94 
0.44/102 
0.30/70 
0.36/68 


1.00/93 


After 


0.40/108 
(+18% /—33%) 
—/65 
(—/—40%) 
0.70/63 
(+37% /—48%) 
0.87 /88 
(+30% /-11%) 
0.49/68 
(+4% /-28%) 
0.50/85 
(+14% /-17%) 
0.65/51 
(+117%/-—27%) 
0.80/32 
(+122% /—53%) 
1.35/70 
(+35% /-—25%) 


Mean values of the aortic valve orifice area 


0.51+0.21 


0.72 ż 0.28 
(+47 + 43%) 


(+73% /-—23%) 


0.61+0.1 
(+39 + 30%) 


Mean values of the maximum instantaneous gradient 


76.0+ 18.7 
(—27 + 13%) 


Follow-Up 


1 Month 


0.41/104 
(+21% /-35%) 


0.62/79 
(+22% /-34%) 
0.82/84 
(+22% /-15%) 
0.50/64 
(+6% /-32%) 
0.50/85 
(+14% /-17%) 
0.65/50 
(+117% /—29%) 
0.60/40 
(+67% /-41%) 
1.29/77 
(+29% /-17%) 


0.67 + 0.26 
(+37 + 35%) 


Mean values of the maximum instantaneous gradient 


101.6 + 26.2 


70.0 + 20.8 


(—31 + 13%) 


72.9419.3 
(—28 + 9%) 


(+57% /—-19%) 


0.57 +0.15 
(+23 + 31%) 


78.1 + 13.4 
(—19 + 15%) 


3 Months 


0.40/105 
(+18%/-35%) 


0.50/101 
(—2% /-15%) 
0.78/81 
(+16% /-18%) 
0.51/67 
(+9% /-29%) 
0.50/90 
(+14% /-12%) 
0.62/58 
(+107% /-17%) 
0.58/48 
(+61% /-29%) 
1.10/88 
(+10% /—5%) 


0.62+0.21 
(+31 + 33%) 


79-72-4193 
(—20 + 9%) 
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(+40% /—16%) 


0.52 + 0.09 
(+5 + 29%) 


83.8 + 13.2 
(—14 + 15%) 


6 Months 


0.40/115 
(+18% /-29%) 


0.52/107 
(+2% /-11%) 
0.75/82 
(+16% /-18%) 
0.53/70 
(+13% /-26%) 
0.45/95 
(+2% /-7%) 
0.60/60 
(+100% /-14%) 
0.55/56 
(+53% /-18%) 
1.00/104 
(0% /+12%) 


0.60+ 0.18 
(+26 + 32%) 


86.0 + 21.0 
(—14 + 12%) 


(+33% /-11%) 


0.45 + 0.04 
(-5+ 27%) 


88.5 + 17.3 
(-8+ 11%) 


AVR = aortic valve replacement; CHF = congestive heart failure; PBV = percutaneous balloon valvuloplasty; 2.PBV = second percutaneous balloon valvuloplasty. 


12 Months 


0.38/135 
(+12% /-16%) 


0.43/115 
(-—16% /—4%) 
0.71/83 
(+12%/—-17%) 
0.57/68 
(+21% /—28%) 
0.45/92 
(+2% /—-10%) 
0.60/60 
(+100% /-14%) 
0.46/67 
(+28% /-1%) 
1.00/105 
(0% /+13%) 


0.58+0.19 
(+20 + 33%) 


90.5 + 24.6 
(-—104 12%) 


1 0.57/115 0.69/74 0.72/57 0.75/63 0.65/78 AVR 
(+21%/—36%)  (+26%/—50%)  (+32%/-45%) (+14%/-32%) 
2 0.62/77 0.74/70 0.67/74 0.57/78 0.50/81 0.46/85 AVR 
(+19% /-9%) (+8% /—4%) (-8% /+1%) (-19% /+5%) (—25% /+5%) 
3 —/108 272 AVR 
(—/-33%) 
4 —/100 —/60 —/60 Ai i AVR 
(—/—40%) (—/-40%) (—/-28%) 
5 0.68/69 0.84/50 0.61/50 0.52/64 0.42/70 0.45/68 AVR 
(+24%/-28%) (—10%/—28%)  (-23%/-7%) (-38% /+1%) (-34% /-1%) 
5 —/138 —/85 AVR 
(—/-38%) 
7 0.35/140 0.60/105 0.60/105 AVR 
(+71%/-25%)  (+71%/—25%) 
8 0.47 /112 0.77/77 0.75/77 0.76/79 0.60/81 0.50/85 2.PBV + CHF 
(464% /-31%)  (+60%/-31%) (+62%/-29%)  (+28%/-28%) (+6% /-24%) 
9 0.30/101 0.40/81 0.43/85 0.35/86 2.PBV + CHF 
(+33%/-20%)  (+43%/-16%)  (+17%/-15%) 
10 0.30/130 0.50/109 0.52/100 0.47 /105 0.42/109 0.40/116 2.PBV/AVR 


18 Months 


0.38/140 
(+12% /-13%) 


0.40/121 
(—22% /+1%) 
0.71/83 
(+6% /—-16%) 
0.53/68 
(+13% /—28%) 
0.45/95 
(+2% /—-7%) 
0.55/68 
(+83% /-3%) 
0.51/67 
(+42% /-1%) 
0.90/116 
(—10% /+25%) 


0.55 + 0.16 
(+164 31%) 


94.8 + 26.3 
(-—5 + 14%) 





619 


3 


ha eet ea o 


RE TAREE a ee 


IR 


z <" me a 
7 Pe 
a 





plasty in severe aortic valve stenosis indicated a 50% 
reduction of the transvalvular pressure gradient and a 
50 to 80% increase in the aortic valve orifice area. Most 
patients had marked improvement in clinical symptoms 
after balloon valvuloplasty. However, data concerning 
long-term results after aortic balloon valvuloplasty are 
disappointing. From several studies, a high mortality 
rate and a high incidence of restenosis ranging from 17 
to 100% was evident during clinical follow-up.’:!-!° 
These studies followed patients by clinical parameters. 
Invasive or Doppler echocardiographic measurements 
were performed only in a minority of patients in most 
studies, especially in patients in whom restenosis was 
clinically suspected. 

Thus, this study was aimed at the consecutive evalu- 
ation of patients after balloon valvuloplasty by means of 
repeated Doppler echocardiographic measurements and 
of clinical follow-up concerning mortality, morbidity, 
clinical symptoms and the time course of restenosis. 
Like previous data, the Doppler echocardiographic re- 
sults of the present study indicate that percutaneous 
balloon valvuloplasty resulted in significant hemody- 
namic and clinical improvement in the immediate post- 
procedural period.'*:??-*4 


0 
in-hospital 1 





FIGURE 1. Mortality and secondary intervention rates during 
follow-up. Circles signify patients who died. Triangles signity 
patients who died and who had undergone aortic valve re- 
placement or repeat balloon valvuloplasty. 
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FIGURE 2. Mean percent changes in the aortic valve orifice 
area (top portion) and the maximal instantaneous gradient 
(bottom portion) determined by Doppler echocardiography in 
all patients after balloon valvuloplasty (after) and after 1, 3, 6, 
12 and 18 months (mo). 
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The in-hospital mortality rate in our study amounted 
to 8%, which is comparable to the reported surgical risk 
of age-matched patients undergoing aortic valve re- 
placement." During a follow-up period of 10 + 7 
months, 44% of patients died. An additional 22% of pa- 
tients required aortic valve replacement. Doppler echo- 
cardiographic measurements could demonstrate a con- 
tinuous and significant increase of the transvalvular aor- 
tic gradient and a decrease of the aortic orifice area 
during the follow-up period in all patients. However, 
compared with long-term survivors after balloon valvu- 
loplasty (group III), patients who died (group I) or un- 
derwent aortic valve replacement or a second valvulo- 
plasty (group II) were more likely to have an early in- 
crease of the transvalvular gradient and a decrease in 


group | 


changes (%) 


group |l 


group ll 


changes (%) 





FIGURE 3. Mean percent changes in the aortic valve orifice 
area (top portion of each graph) and the maximal instanta- 
neous gradient (bottom portion of each graph) determined by 
Doppler echocardiography after balloon valvuloplasty (after) 
and during a follow-up of 1, 3, 6, 12 and 18 months (mo). 
Group Í are patients who died during follow-up, group Il are 
patients who required an aortic valve replacement or a second 
percutaneous balloon valvuloplasty, and group Ill are patients 
who were either event-free or did not require further interven- 
tions during follow-up. 
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the aortic orifice area (Figure 3). The initial success of 
valvuloplasty with regard to the aortic valve orifice area 
was smallest in the group of patients who required aor- 
tic valve replacement or a second valvuloplasty. Inter- 
estingly, clinical symptoms were initially improved. This 
can best be explained by the fact that minimal changes 
in the aortic valve orifice area are sufficient to achieve 
clinical improvement, as long as the so-called “critical” 
level of restenosis is not yet reached.” On the other 
hand, clinical improvement can also be due to a placebo 
effect, as well as to advanced modalities of medical 
treatment. 

Doppler echocardiography is an accepted noninva- 
sive technique for the quantification of the severity of 
aortic valve stenosis.2°2° 3° Several studies have demon- 
strated a close relation between catheterization and 
Doppler-derived data for aortic valve orifice area and 
for mean pressure gradients. The accuracy of hemody- 
namic data measured by experienced laboratories al- 
lows judgment of the relatively small hemodynamic 
changes. Additionally, this method allows frequent 
measurements and is therefore particularly useful in 
controlling the clinical course. In the present study, the 
Doppler echocardiographic results demonstrated imme- 
diate improvement of the hemodynamic data in the 
postprocedural period. During the follow-up period, pro- 
gressive deterioration of the valvuloplasty success was 
observed in most of the patients. The Doppler echocar- 
diographic changes were relatively small; however, a 
continuous trend toward the preprocedural severity of 
the aortic valve stenosis was present. 

In summary, death or restenosis occurred in the 
majority of patients undergoing percutaneous balloon 
valvuloplasty after a follow-up period of 18 months. 
Doppler echocardiographic measurements clearly dem- 
onstrate the progression of restenosis in most of the pa- 
tients. These results warrant reconsideration of the indi- 
cation of percutaneous balloon valvuloplasty for patients 
with severe aortic valve stenosis. 
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Although a number of factors, including age and 
ventricular loading, are known to influence the pat- 
tern of left ventricular (LV) filling as depicted by 
Doppler echocardiographic transmitral flow veloci- 
ties, few and conflicting data are available regard- 
ing the influence of heart rate (HR). Therefore, 20 
volunteers (mean age 30 years) were evaluated 
with pulsed-wave Doppler echocardiography, per- 
formed with the sample volume placed at the mitral 
anulus level in the apical 4-chamber projection. 
Transmitral flow measurements comprised peak 
and integrated early passive (E) and late atrial (A) 
filling velocities and the slope of velocity decline 
from peak E filling. Measurements were recorded 
during baseline (sinus rhythm, mean 70 beats/min) 
and during transesophageal atrial pacing (mean 88 
dimension, 


ments. Peak and integrated E filling velocities aver- 
aged 0.59 + 0.09 m/s and 6 + 1 cm, respectively, 
at baseline and were not significantly greater at the 
higher HR. in contrast, baseline peak and integrat- 
ed A velocities averaged 0.37 + 0.06 m/s and 2.3 
+ 0.7 cm, respectively, but were significantly 
greater at the higher HR (0.5 + 0.07 m/s and 3.2 
+ 1.1 cm, respectively [p <0.003 vs baseline for 
each)). Further analysis of a subgroup of 9 subjects 
for whom Doppler measurements were available at 
3 HRs (sinus 70; pacing 80 and 90) yielded strong 
evidence for a linear relation between HR and peak 
A velocity (A = 0.008 HR — 0.21, with p <0.0001 
for significance of the linear trend). It is concluded 
that (1) HR influences Doppler patterns of diastolic 
filling, (2) as HR increases, E velocity is unchanged 
but A velocities increase, and (3) for each increase 
of 10 beats/min in HR, peak A velocity can be ex- 
pected to increase by 8 cm/s. 

(Am J Cardiol 1991;67:622-627) 
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picted by Doppler echocardiographic transmitral 

flow velocities has been used to assess LV dia- 
stolic properties. The use of Doppler echocardiography 
for this purpose is limited, however, because a number 
of variables may influence transmitral flow patterns, in- 
cluding age,' preload,* afterload and systolic func- 
tion.° Although heart rate (HR) has been implicated as 
an additional variable capable of influencing the LV 
filling pattern, data regarding this relation are sparse 
and conflicting.’-' The potential influence of HR is 
particularly important, because changes in serial Dopp- 
ler examinations secondary to concomitant changes in 
HR could be attributed to alterations in LV diastolic 
behavior. Therefore, we systematically studied the ef- 
fect of changes in HR produced by transesophageal 
atrial pacing on Doppler measurements of transmitral 
flow in 20 normal subjects. The studies were performed 
with the following objectives: (1) to establish the ability 
of changes in HR to alter Doppler parameters of LV 
diastolic filling, (2) to determine the nature of alter- 
ations in individual Doppler measurements imparted by 
changes in HR, and (3) to provide a way to estimate the 
magnitude of the effect of altered HR on various Dopp- 
ler measurements. 


METHODS 

Study group: Twenty healthy volunteers (19 men, 1 
woman) aged 24 to 42 years (mean 30) comprised the 
study group. All subjects were determined to be free of 
any acute or chronic illness by history, physical exami- 
nation, electrocardiogram and 2-dimensional echocar- 
diogram. The study was approved by the institutional 
review board of the University of Kentucky, and in- 
formed, written consent was obtained before the proto- 
col began. Subjects were fasting, and were neither se- 
dated nor receiving any medication at the time of the 
study. 

Transesophageal atrial pacing: Subjects were pre- 
pared by nasal administration of a small amount of a 
50:50 mixture of 4% lidocaine and 0.1% phenylephrine. 
A 7Fr bipolar pacing catheter was then passed through 
the nares and into the esophagus.'? Final positioning of 
the pacing electrode was accomplished by electrocardio- 
graphic monitoring until consistent, continuous atrial 
capture was achieved (Figure 1). Stable atrial capture 
usually required 10-ms pulses of 15 to 25 mA in intensi- 
ty, which was provided by the pacing device (Stat-Pace 


Ts pattern of left ventricular (LV) filling as de- 


II, Secor Inc.). Although the pacing device is quite reli- 
able, the calibration scale on the model used in this 
study did not allow for absolutely precise MR manipu- 
lation. Thus, the HRs reported are derived from the RR 
intervals of the cardiac cycles for which Doppler profiles 
were analyzed. 

Doppler studies: With the transesophageal pacing 
electrode in place and the subject in the supine position 
with a left lateral tilt, pulsed-wave Doppler ultrasound 
examination was performed. Studies were obtained at 
rest and at pacing rates of 10 and 20 beats/min higher 
than the spontaneous HR to an upper limit of 90 beats/ 
min, beyond which useful Doppler tracings were no 
longer available (see later). The Doppler examination 
was obtained with commercially available equipment 
with a 2.5-MHz transducer. During imaging in the api- 
cal 4-chamber view, the sample volume was placed at 
the level of the mitral anulus and transducer orienta- 
tion, instrument gain settings and sample volume loca- 
tion were adjusted in order to obtain the highest velocity 
of discrete Doppler signals. Optimal orientation of the 
Doppler beam was judged to have been attained when 
maximal peak flow velocities with a narrow spectrum 
were reproducibly obtained, as evidenced by both audio 
and spectral displays. The angle between the interrogat- 
ing beam and the apparent direction of blood flow was 
judged to be <20° in all instances, and no correction 
factor was used. Care was taken to insure that the sam- 
ple volume position remained constant for examinations 
at each HR. Hard copy recordings of 220 cardiac cy- 
cles were obtained at a paper speed of 50 to 100 mm/s 
for subsequent analysis and measurement. Subjects 
maintained a comfortable shallow respiratory pattern 
throughout the protocol. 

Off-line quantitation of the Doppler recordings was 
performed with a computer-integrated digitizing pad 
(Nova Microsonics, Indianapolis) and specifically de- 
signed software (Freeland Medical Systems). Flow pro- 
files for 3 consecutive representative cardiac cycles were 
analyzed by tracing the darkest portions (modal veloci- 
ty) of the spectral printout and averaging the values. 
Because of fusion of early passive (E) and late atrial 
(A) velocities at high HRs, a perpendicular was drawn 
to the baseline from the point of onset of increasing ve- 
locities attributable to atrial contraction in order to en- 
able separation of E and A velocities at these higher 
rates. Peak velocities of E and A filling periods, as well 
as integrated velocities for total E and A filling, were 
measured. Tracing of integrated velocities at slower 
HRs was performed by extension of the diagonals to the 
baseline from the upsloping and downsloping portions of 
E and A filling profiles. Thus, the small amount of flow 
occurring during the relative diastasis of mid-diastole 
was not included in the tracing of these integrated ve- 
locities. When the percentage of total flow velocity inte- 
gral contributed by A was evaluated, however, total 
flow velocity integral included flow occurring in mid- 
diastole (diastasis). The slope of the velocity decline 
from peak E filling velocity (E-F) was measured as the 
rate of decline in velocity from peak E velocity to base- 
line. If rapid HR resulted in onset of A filling velocity 
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before the conclusion of E filling velocity, the declining 
slope of the E filling velocity profile was extrapolated to 
the baseline from the point of onset of A velocity. 

Blood pressure was measured by cuff sphygmoma- 
nometer, and 2-dimensional echocardiography was per- 
formed from parasternal and apical windows. LV di- 
mensions were measured from hard copy recordings of 
2-dimensional-directed M-mode echocardiograms re- 
corded from the parasternal window at each HR, with 
care taken to maintain the same cursor position within 
the left ventricle. The values reported are averages of 
measurements derived from 3 consecutive representative 
cardiac cycles. 

Statistical analysis: Data are reported as mean val- 
ues + 1 standard deviation. Probability values refer to 
the results of Student’s ¢ test for paired data when 
Doppler values obtained at different HRs are com- 
pared. For analysis of the subpopulation with 3 different 
HRs, the data were subjected to an analysis of variance 
for a single-group repeated measures design. A contrast 
was constructed to test for the significance of a linear 
trend among the mean responses as part of this analysis 
of variance.'4 


RESULTS 

The pacing electrode was placed without difficulty 
and yielded consistent atrial capture in all subjects. Al- 
though minor discomfort caused by pacing was occa- 
sionally experienced, it was easily tolerated. All subjects 
maintained 1:1 atrioventricular conduction during pac- 
ing. Because of fusion of E and A velocity profiles at 
rapid rates, the highest pacing frequency at which E 
and A velocities could be reliably distinguished was ap- 
proximately 90 beats/min. Thus, although all subjects 
were successfully paced to a HR 10 beats greater than 
that at rest, only 12 subjects could be paced at 20 





GATE 18 


FIGURE 1. Pulsed-wave Doppler velocity profile from the api- 
cal 4-chamber view with the sample volume at the level of the 
mitral anulus. At the spontaneous heart rate of 50 beats/min, 


velocity has increased to nearly 0.6 m/s. Pacing artifact is in- 
dicated by the arrow. Deceleration (Decel.) slope from peak E 
velocity is indicated by the solid dark line. Cross-hatched 
areas indicate velocities for early and atrial por- 
tions of diastole. A = late atrial filling velocity; E = early pas- 
sive filling velocity. 














Baseline Pacing p Value 


Heart rate (beats /min) 70+10 88+3 0.0001 
Mean arterial pressure (mm Hg) 8848 9149 NS 
LV end-diastolic dimension (cm) 5+0.5 5+04 NS 
Corrected PR (ms) 160415 1614235 NS 


LV = left ventricular; NS = not significant. 


beats/min above baseline and still maintain distinct E 
and A waves. 

Physiologic changes during pacing (Table l): Before 
pacing, baseline HR averaged 70 + 10 beats/min, 
mean arterial pressure averaged 88 + 8 mm Hg, LV 
end-diastolic dimension averaged 5.2 + 0.5 cm, and the 
PR interval averaged 160 + 15 ms. Pacing at the high- 
est HR resulted in an increase of 18 to 88 + 3 beats/ 
min (p <0.0001). Neither mean arterial pressure nor 
LV end-diastolic dimension was significantly altered 
by pacing. The PR interval during pacing was artificial- 
ly lengthened to 191 + 22 ms because of the time re- 
quired for interatrial conduction. The increase in inter- 
atrial conduction due to atrial pacing has been shown to 
be constant, between 25 and 30 ms, over a wide range 
of pacing rates and averages.'> When the PR interval 
was corrected by subtracting 30 ms, pacing did not re- 
sult in a significant alteration in the PR interval from 
baseline. 

Doppler results during sinus rhythm and pacing 
(Table ll, Figures 2 through 4): At baseline, peak E ve- 
locity averaged 0.59 + 0.09 m/s. At the highest pacing 
rate (88 beats/min), peak E velocity averaged 0.61 + 
0.14 m/s, which was not significantly different from 
baseline. Peak A velocity at baseline averaged 0.37 + 
0.06 m/s. During pacing at the highest HR, peak A 
velocity averaged 0.5 + 0.07 m/s, which was substan- 
tially increased from baseline (p <0.0001). The ratio of 
E to A peak velocities, which had averaged 1.63 + 0.39 
at baseline, decreased during pacing to 1.24 + 0.23 (p 
<0.0001). 

At baseline, integrated E velocity averaged 6 + 1 
cm. At the highest pacing rate, integrated E velocity 
averaged 6.1 + 1.8, which was not significantly differ- 
ent from baseline. Integrated A velocity averaged 2.3 + 
0.7 cm at baseline and significantly increased during 
pacing at the highest rate to an average value of 3.2 + 


















Baseline 
0.59 + 0.09 (0.43-0.74) 







Peak E (m/s) 


Peak A(m/s) 0.37 + 0.06 (0.28-0.53) 
Eru (cm) 6+ 1 (3.7-7.9) 

Arv (cm) 2.3 + 0.7 (0.9-4) 

Peak E/A 1.63 + 0.39 (1.1-2.5) 
E/AFVI 2.87 + 1.08 (1.67-5.89) 
MAgv 27 + 6(13-37) 

E-F slope (m/s?) 9.02 + 1.2 (2.64-7.59) 
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TABLE Il Mean + Standard Deviation (Range) for Doppler Measurements at Baseline and During Pacing at the Highest Heart Rate 






A = atrial filling velocity; E = early filling velocity. E-F = slope of deceleration from peak early filling; FV! = flow velocity integral; NS = not significant: 
velocity integral contributed by atrial contraction. 
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FIGURE 2. Effect of heart rate on peak A velocity. Peak A ve- 
locity consistently increases as heart rate is elevated from 
baseline heart rate (squares) to the higher pacing rate (dia- 
monds). Abbreviation as in Figure 1. 


0.8 (p <0.003). Although the sum of integrated E and 
A velocities was greater at the higher HR, this should 
not be interpreted as an increase in total stroke volume 
with pacing, because velocities during the relative “dias- 
tasis” of mid-diastole at lower HRs were not included 
(see Methods). The ratio of E and A integrated veloci- 
ties, which had averaged 2.87 + 1.08 at baseline, de- 
creased during pacing to 2.03 + 0.64 (p <0.01). The 
percentage of flow velocity integral supplied by A aver- 
aged 27 + 6% at baseline and increased to 36 + 13% by 
pacing at the highest HR (p <0.003). 

At baseline, E-F averaged 5.02 + 1.2 m/s2. At the 
highest pacing rate, this slope diminished slightly, to 
4.34 + 1.2 m/s? (p <0.03). 

Predicting Doppler values at differing heart rates 
(Figure 4): To better define the relation between peak A 
filling velocity and HR, a subpopulation of 9 subjects 
who had spontaneous HRs approximating 70 beats/min 
(mean 68) were paced at HRs of both 80 and 90 beats/ 
min. For this subgroup, Doppler values for peak A ve- 
locity during sinus rhythm averaged 0.36 + 0.03 m/s. 
Peak A velocity at 80 beats/min averaged 0.44 + 0.09 
m/s and peak A velocity at 90 beats/min averaged 0.52 






Pacing p Value 













0.61 + 0.14 (0.36-0.94) . 
0.50 + 0.07 (0.35-0.62) 0.0001 
6.1 + 1.8 (2.2-9.3) NS 
3.24+0.8(1.8-4.8) 0.0026 
1.24+0.23(0.81-1.6) |. 0.001 
2:03 + 0.64 (0.61-—3) 0.012 
36 + 13 (20-83) 0.003 
4.34 + 1.2 (2.26-6.04) 0.03 








%Arv = percentage of total flow 
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FIGURE 3. Summary of the changes in 
Doppler measurements due to alteration in 
heart rate. Values displayed are average 
velocity values at baseline heart rate and 
the higher pacing heart rate. P values 
were derived by Student’s t test for paired 
data. > = integrated velocity; NS = not 
significant; other abbreviations as in 
Figure 1. 


0.2 





E/A Ratio 


+ 0.08 m/s. When these values underwent regression 
analysis with HR, a linear relation was observed, which 
was described by the equation: A = 0.008 HR — 0.21, 
with p <0.0001 for significance of the linear trend. 
Thus, for each increase of 10 beats/min in HR, peak A 
velocity increased by 8 cm/s. 


DISCUSSION 

Doppler echocardiographic measurement of transmi- 
tral flow velocity has been used by many investigators in 
attempts to assess LV diastolic performance.'® ?° Al- 
though Doppler velocity profiles have been shown to 
correspond well to volumetric filling of the left ventri- 
cle,?!22 it is clear that multiple factors can influence E 
and A velocities.'-© Few data exist, however, regarding 
the influence of HR on Doppler values of diastolic flow 
velocity. The present study provides clear evidence that 
modification of HR alters diastolic velocity profiles and 
indicates that such changes should be considered when 
using Doppler echocardiography to assess diastolic 
properties. Furthermore, these data establish that the 
relation between HR and peak A velocity is linear in 
young normal subjects over the range of HR studied, 
and thereby provide a basis by which to correct peak A 
velocity for HR. 

Relation of heart rate to transmitral flow velocities: 
In a population-based study of Doppler velocities in 215 
healthy subjects between 1 and 65 years of age, Van 
Dam et al!” found a significant relation between HR 
and E/A velocity that they considered relevant only in 
younger subjects with a lower HR. Similarly, Smith et 
al'! found that the stimulation of a cold pressor test, an 
intervention that induced an increased HR, was associ- 
ated with significant alterations in E/A, principally due 
to an increase in A velocity. Preliminary abstracts”? 
have also proposed a relation between HR and Doppler 
patterns of mitral inflow. 


Peak E Velocity vs. Heart Rate 
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The present study is the first to analyze the relation 
between HR and transmitral Doppler flow profiles sys- 
tematically. Even a modest change in HR altered peak 
and integrated A filling velocity. Interestingly, previous 
experimental data? obtained by measuring transmitral 
flow volume at the mitral anulus with electromagnetic 
flow probes showed E filling volumes to remain un- 
changed, while A filling volume increased as HR was 
elevated. 

Potential explanations for the heart rate—Doppler 
velocity relation: Several possible explanations exist to 
explain the interaction between HR and Doppler veloci- 
ties. First, an increase in HR might lead to impaired 
LV relaxation, with reversal of predominant filling from 
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FIGURE 4. Predictability of the effect of heart rate on peak A 
velocity for 9 subjects for whom Doppler values were available 
at 3 different heart rates. P value refers to analysis of vari- 
ance for repeated measures (see text). Abbreviation as in 
Figure 1. 
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early-to-late diastole. However, our data failed to show 
either a decrease in peak E velocity or a major diminu- 
tion (or flattening) of E-F, 2 characteristics known to be 
typical of abnormal relaxation.*4 Thus, it appears un- 
likely that abnormal relaxation played a role in altering 
the filling pattern in these young normal subjects. Sec- 
ond, the loss of diastolic filling time as HR increases 
may result in incomplete left atrial emptying before the 
onset of the atrial contraction. Therefore, a greater left 
atrial volume may be present at the time of atrial systo- 
le, enabling a large flow volume for a given atrial con- 
traction. The greater atrial volume actually may en- 
hance atrial performance in a fashion similar to that of 
the Frank-Starling mechanism, resulting in a larger 
flow volume because of atrial systole. In addition, the 
volume entering the left ventricle during prolonged mid- 
diastolic diastasis at slow HRs will be delivered during 
atrial systole at higher HRs. Third, at a higher HR, the 
left ventricle may be relatively empty and at a low point 
on its diastolic pressure-volume curve at the time of 
atrial contraction. Given the curvilinear shape of the left 
ventricle’s diastolic pressure-volume relation,”>° an un- 
derfilled left ventricle would be more compliant and 
better able to accept the volume delivered by atrial con- 
traction. Finally, the “force-frequency” relation of Bow- 
ditch*’* could apply to the left atrium as well as to the 
left ventricle, resulting in greater left atrial contractility 
at a higher HR. Although any of the latter 3 mecha- 
nisms might be valid, it should be emphasized that they 
are not mutually exclusive and are likely to function in 
concert. 

Study limitations: Increases in HR due to pacing are 
known to result in a linear decline in LV end-diastolic 
dimension.*?° Because changes in preload are known 
to influence transmitral Doppler flow profiles, our re- 
sults could have been influenced by changing preload. 
We altered HR by an average of only 18 beats/min, 
however, and carefully performed echocardiographic 
studies have revealed minimal alteration in LV dimen- 
sion over this range. Previous work?? has shown that the 
decrease in LV dimension as HR is increased from 70 
to 90 beats/min is approximately 2.5 mm. In the pres- 
ent study, the decrease in LV dimension that occurred 
with pacing did not reach statistical significance. Thus, 
any change in LV dimension that may have occurred in 
this study was small enough to escape detection, where- 
as alterations in Doppler velocities were quite obvious. 

We measured transmitral Doppler velocities at the 
level of the mitral anulus. Velocities at this position are 
clearly different from Doppler velocities obtained at the 
tips of the mitral leaflets.’! We chose the sampling posi- 
tion to optimize reproducibility of sample volume place- 
ment from 1 pacing HR to the next and because the 
cross-sectional area at the level of the anulus is less vari- 
able throughout diastole than at the tips of the mitral 
leaflets. Moreover, although absolute values for E and 
A velocities are different when measured at the leaflet 
tips versus at the anulus, the directional change in these 
velocities produced by an intervention is likely to be 
similar. 
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The discomfort associated with transesophageal pac- 
ing may have altered loading conditions by stimulating 
sympathetic or parasympathetic responses. However, 
we found no significant increase or decrease in mean 
arterial pressure or symptoms to suggest an adverse re- 
sponse to pacing. Finally, although it has been demon- 
strated that alteration of the PR interval can influence 
diastolic filling pattern,** the PR was unchanged in our 
subjects despite pacing once interatrial conduction time 
was considered. !> 

Clinical implications: Enthusiasm for the application 
of transmitral Doppler velocities to the evaluation of 
diastolic performance has tempered recently because of 
reports describing the influence of age and hemodynam- 
ic variables on the velocity profile. This study serves to 
confirm earlier reports regarding the influence of HR 
on Doppler parameters of diastolic function. Future 
clinical and experimental use of these measurements 
must consider HR as another potentially confounding 
factor. 
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The effect of cyclosporine on the systemic circula- 


tion and on heart rate is unknown for heart trans- 
plant recipients. Thirty-four heart transplant recipi- 
ents were studied by right-sided cardiac catheter- 
ization after endomyocardial biopsy. A direct linear 
relation was found between systemic and pulmo- 
nary vascular resistance and cyclosporine trough 
blood levels, which were negatively related to heart 
rate. The effect of cyclosporine on pulmonary vas- 
cular resistance, however, was not statistically sig- 
nificant by multivariate analysis when patient age 
was considered. In contrast, renal function ap- 
peared unrelated to systemic vascular resistance or 
heart rate. It appears that cyclosporine trough 
blood levels may have a direct effect on systemic 
vascular resistance as well as an unexplained nega- 
tive chronotropic effect on heart rate. 
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not without complications. Renal impairment! and 

hypertension’ are the most frequent and trouble- 
some adverse effects. Hypertension, thought to result 
from a vasopressor effect of cyclosporine,’ occurs af- 
ter both acute intravenous and short-term oral treat- 
ment,*~© and is most marked with intravenous adminis- 
tration, causing severe reduction of blood flow to many 
organs, including lungs.’ The associated systemic hyper- 
tension does not appear to be related to the degree of 
renal dysfunction, as it is associated with both normal 
and even low plasma renin activity in humans.* 

The increase in systemic vascular resistance may be 
the result of a variety of factors. Local elevation in sym- 
pathetic tone,”'° diminished or blocked prostacyclin 
production,'':'* attenuation of nitrate-based vasorelaxa- 
tion!’ and intact innervation'* appear to be the most 
important. 

To determine whether cyclosporine trough levels had 
any influence on vascular resistance as well as on heart 
rate at rest, we measured pulmonary and systemic vas- 
cular resistance at rest and after vasodilatation in pa- 
tients who had undergone heart transplantation, and 
who were receiving maintenance immunosuppression 
with cyclosporine and azathioprine, often in conjunction 
with low-dose steroids. 


[sotto conn treatment with cyclosporine is 


METHODS 

A total of 34 patients who underwent heart trans- 
plantation (33 men and 1 woman, mean age 37 years 
[range 20 to 61]) were prospectively studied at the time 
of routine endomyocardial biopsy, between 2 and 18 
months (mean 7) after surgery. No patient had cardiac 
rejection at the time of study. Seven were receiving oral 
nifedipine for systemic hypertension and 2 were receiv- 
ing oral captopril. 

Lung disease likely to be associated with hypoxia 
was excluded by history, examination and measurement 
of lung volumes (Gould 2800 Autobox, Dayton, Ohio), 
by single breath gas transfer factor for carbon mon- 
oxide (PK Morgan, Chatham, Kent, England) and by 
spirometry. 

Serum urea, creatinine, electrolyte and blood hemo- 
globin levels were determined on the day of the study. 
Trough cyclosporine levels were measured immediately 
before the study for blood and plasma by a nonspecific 
radioimmunoassay capable of detecting parent drug and 
metabolites'> and by a new and specific monoclonal ra- 


dioimmunoassay for the parent drug.'® Patients did not 
receive cyclosporine until the study was completed. 

After standard endomyocardial biopsies, a flow-di- 

£ rected pulmonary artery catheter (either a 7Fr Gould 
model SP5107, or a 7Fr Edwards model 93A-131, Ed- 
wards Laboratories, Anasco, Puerto Rico) was inserted, 
using a right internal jugular approach. Mean pulmo- 
nary wedge, right atrial and pulmonary artery pressures 
were recorded with digital readout monitors (Datascope 
Acucep, PK Morgan). Cardiac output was measured by 
the thermodilution technique (either Gould Strathan 
SP1435 Cardiac Index Computer, Mitchum, England, 
or Edwards 9025A Cardiac Computer, Edwards Labs). 
Measurements were taken at rest and every 10 minutes 
by the same physician as prostacyclin was infused at 2, 
4 and 6 ng/kg/min via a side arm into the right internal 
jugular vein. Prostacyclin was then stopped and baseline 
measurements taken 10 minutes later. Nitric oxide (30 
+ 2 ppm) in air was inhaled for 3 minutes before or 
after prostacyclin infusion, the order chosen at random, 

| with a 10-minute lapse between administration of each 
agent. The nitric oxide inhalation was compared with 
an inhalation of air, both administered blindly every 3 
minutes, with air from Douglas bags. Results were then 
averaged. Nitric oxide concentrations were measured 
immediately before and after the study by a chemilumi- 
nescent analyzer (G.R. and D.C., Southampton, En- 
gland). Hemodynamic measurements were taken in the 
last minute of each 3-minute interval. 

Systemic blood pressure was measured by ausculta- 
tion with a manometer on the left arm at the time of all 
other readings. 

Statistical analysis: Results are reported as mean + 
standard deviation. A p value <0.05 was considered sta- 
tistically significant, although values <0.1 are also re- 
ported. 

Cardiac output, heart rate, and systemic and pulmo- 
nary vascular resistance were assessed as outcome mea- 
sures reflecting hypertension. Renal dysfunction was 


measured in terms of creatinine clearance and serum 
creatinine. 

To assess the relations among cyclosporine, hyper- 
tensive and renal outcome measures, a series of linear 
regression analyses were performed, with cyclosporine 
the independent variable and outcome the dependent 
variable. Because it is not clear which measurement of 
cyclosporine is the most useful predictor of outcome, 
trough blood, plasma and serum cyclosporine levels 
were used. 

Changes in hemodynamic measurements before and 
after infusion of 6 ng/kg/min of prostacyclin were as- 
sessed using paired Student ¢ tests. Similarly, paired 
Student t tests were used to test the hemodynamic dif- 
ferences between inhaling air and nitric oxide. 


RESULTS 

Time after surgery ranged from 2 to 18 months. 
Blood chemistry samples were taken immediately be- 
fore the study, as were trough levels for cyclosporine. 
Twenty-four hour urine samples were taken over the 
preceding 24 hours. Significant linear regression analy- 
ses are given for systemic and pulmonary vascular resis- 
tance, cardiac index and heart rate at rest (Figures 1 
through 5). 

Regression analysis failed to show any correlation 
zbetween any vascular resistance (Table I) and either 
serum creatinine or creatinine clearance. In contrast, 
both pulmonary and systemic vascular resistance were 
significantly correlated with trough levels of all 3 cyclo- 
sporine measurements. 

The only significant determinant of systemic vascu- 
lar resistance by multiple regression analysis of all inde- 
pendent factors, including the dose of oral vasodilators, 
was cyclosporine trough levels by all 3 assays. This was 
unchanged with multiple regression analysis using the 
variables listed in Table I. 

Together with preoperative pulmonary vascular re- 
sistance and patient age, pulmonary vascular resistance 


Systemic Vascular Resistance 
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FIGURE 1. Baseline systemic vascular re- 
sistance in Wood units (mm Hg - min/liter) 
plotted against whole blood cyclosporine 
levels in ng/ml by the nonspecific radioim- 
munoassay.!> The linear regression line 
is given, with p = 0.010 (F = 7.49; 1,32). 
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FIGURE 2. Baseline pulmonary vascular 
resistance in Wood units (mm Hg - min/i- 
ter) plotted against plasma cyclosporine 
levels in ng/ml by the nonspecific radioim- 
munoassay.!5 The linear regression line 
between the 2 variables is given, with p = 
0.0066 (F = 8.44; 1,32). 


FIGURE 3. Baseline pulmonary vascular 
resistance in Wood units (mm Hg - min/li- 
ter) plotted against age in years. The lin- 
ear regression line between the 2 vari- 
ables is given, with p = 0.0004 (F = 
15.59; 1,32). | 


FIGURE 4. Baseline cardiac index in li- 
ters/min/m? plotted against age in years. 
The linear regression line between the 2 
variables is shown, with p = 0.0329 (F = 
4.97; 1,32). 














FIGURE 5. Baseline heart rate in beats 
per minute plotted against whole blood cy- 
closporine levels measured in ng/ml by the 
nonspecific radioimmunoassay.!*> The lin- 
ear regression line between the 2 vari- 
ables is given, with p = 0.01566 (F = 
6.516; 1,32). 





correlated with trough cyclosporine levels by all 3 as- 
says. However, multivariate analysis suggests that age is 
the major determinant of pulmonary vascular resis- 
tance. Heart rate at supine rest was negatively related 
to cyclosporine trough levels and, to a lesser extent, neg- 
atively related to the age of the patient, but not the age 
of the donor. Multivariate analysis suggests that cyclo- 
sporine trough level is the major determinant of heart 
rate at supine rest. 

Prostacyclin was associated with a decrease in sys- 
temic vascular resistance (p <0.001), with a slight in- 
crease in heart rate (p <0.001), and an increase in car- 
diac index (p <0.001). The inhalation of 30 + 2 ppm of 
nitric oxide was associated with minimal change in pul- 
monary vascular resistance (p = 0.096) (Table II). 


DISCUSSION 

We found a definite relation between trough cyclo- 
sporine levels and systemic vascular resistance in 34 
heart transplant recipients. In contrast, no such relation 
existed between renal function and vascular resistance, 
or between cyclosporine levels and renal function in this 
small group of patients. 

Our findings are consistent with the observation that 


cyclosporine acutely reduces blood flow to many or- . 


gans,’ and inhibits relaxation!” or increases contractility 
of blood vessels,”:!° or both. Cyclosporine can induce 
sustained systemic sympathetic neural activation with 
systemic hypertension.'* It may block the effect of in- 
haled nitric oxide, thought to be an endothelium-derived 
relaxing factor,'? on pulmonary circulation, but not the 
effect of prostacyclin on systemic circulation. We sus- 
pect that this may reflect the same mechanism demon- 
strated in cyclosporine-mediated attenuation of nitro- 
prusside vasodilatation by others.!? 

Dependence of pulmonary vascular resistance on age 
has previously been described in normal volunteers” 
and is consistent with our findings by multivariate 
analyses. 
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The relation of cyclosporine trough blood levels to 
heart rate may reflect the known inhibitory effect of 
cyclosporine on adenosine diphosphate-stimulated res- 
piration in the mitochondria, a reduction in the accep- 
tor-control index (the ratio of the respiration rate with 
and without the presence of adenosine diphosphate) and 
reduction of mitochondrial oxidation of succinate.?! 

The advantage of using cyclosporine whole blood 
trough levels versus plasma or serum is that whole blood 
is unaffected by assay temperature or hematocrit.?? The 
advantage of the specific monoclonal assay is that it 
may help to avoid measurement of cyclosporine metab- 
olites. 

The response to prostacyclin is consistent with a 
blocking effect of cyclosporine on prostacyclin synthe- 
sis,'!-'? but not on its action on vascular smooth muscle, 


TABLE I Univariate Analysis* 


Standard 


Coefficient Error 


0.39 
0.072 
0.28 
3.30 
9.63 
0.029 
11.6 
0.38 


Variable Probability 


Serum cyclosporine 
Whole blood cyclosporine 
Plasma cyclosporine 
Grade of rejection 
Standardized cyclosporine 
Time after operation 
Preoperative hypertension 
Preoperative pulmonary 
vascular resistance 
Age of patient 
Age of donor 
Prednisolone dose 
Azathioprine dose 
Nifedipine dose 
Furosemide dose 
Serum creatinine 
Creatinine clearance 
* Univariate analysis of linear correlation with systemic vascular resistance against 
recorded variables, with preoperative pulmonary vascular resistance in Wood units, 


age in years, drug doses in milligrams, serum creatinine in mmol/liter and creatinine 
clearance in ml/min. 
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TABLE II Effects of Prostacyclin and Nitric Oxide 


Pulmonary vascular 1.23 (0.098) 
resistance 

Systemic vascular 
resistance 

Cardiac index 


Heart rate 


13.7 (0.82) 10.8 (0.76) 


4.34 (0.23) 
97.9 (2.6) 


4.95 (0.23) 
99.5 (2.3) 


Pulmonary vascular 1.21 (0.094) 
resistance 

Systemic vascular 
resistance 

Cardiac index 


Heart rate 


13.9 (0.89) 


10.9 (0.82) 


4.2 (0.22) 
99.1 (2.6) 


4.16 (0.21) 
86.6 (2.6) 


1.15 (0.079) 








No Prostacyclin Mean a 
| Prostacyclin (6ng/kg/min) Difference t df p Value 


1.14 (0.077) 


Mean 
Difference 


Mean + standard error for pulmonary vascular resistance (mm Hg - min/liter) and systemic vascular resistance (mm Hg - min /liter). Cardiac index (liters /min/m*) and heart 
rate (beats /min) between rest andwith 6 ng/kg/min of prostacyclin. The same variables are given for subjects breathing air or nitric oxide (30 ppm) in air. Means and t values for a 


2-tailed paired Student's ttest are given with probability values. 
df = degree of freedom. 


mediated through cyclie adenosine monophosphate,” in 
contrast to the action of endothelium-derived relax- 
ing factor, which is mediated through cyclic guanosine 
monophosphate.”4 
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This study reports the physiologic effects of up to 
14 months of aerobic exercise in 101 older (>60 
years) men and women. After an extensive baseline 
physiologic assessment (Time 1), in which aerobic 
capacity and blood lipids were measured, subjects 
were randomized to an aerobic exercise condition 
(cycle ergometry, 3 times per week for 1 hour), 
nonaerobic yoga (2 times per week for 1 hour), or a 
waiting list nonexercise control group for 4 months, 
and then underwent a second (Time 2) assessment. 
At the completion of the second assessment, all re- 
maining subjects completed 4 months of aerobic 
exercise and were reevaluated (Time 3). Subjects 
were given the option of participating in 6 addition- 
al months of supervised aerobic exercise, and all 
available subjects completed a fourth assessment 
(Time 4) 14 months after their initial baseline eval- 
uation. Results indicated that subjects generally ex- 
hibited a 10 to 15% improvement in peak oxygen 
consumption after 4 months of aerobic exercise 
training, and a 1 to 6% improvement in aerobic 
power with additional aerobic exercise training. On 
the other hand, subjects, especially men, continued 
to have improvements in submaximal exercise per- 
formance (i.e., anaerobic threshold). In addition, 
aerobic exercise was associated with an improved 
lipid profile; subjects participating in aerobic exer- 
cise for up to 14 months exhibited increased levels 
of high-density lipoprotein cholesterol. Mainte- 
nance of regular aerobic exercise for an extended 
time interval is associated with greater cardiovas- 
cular benefits among older adults than has been re- 
ported previously. 
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older persons may improve cardiovascular func- 

tion.!-4 However, there has been wide variation 
in the magnitude of the training effects, with gains in 
aerobic power ranging from 0%° to 38%.° These dis- 
crepant findings may be attributable to differences in 
the mode, frequency and duration of exercise training, 
as well as to other factors, such as gender, initial fitness 
level of subjects, and procedural differences. Some pro- 
grams set the intensity of exercise based upon age-pre- 
dicted maximal heart rate,°* whereas others used mea- 
sures of oxygen consumption (VO>).”? Similarly, some 
studies required subjects to exercise continuously for 30 
minutes,:!0-!2 whereas others had subjects exercise con- 
tinuously for <5 minutes. Many investigations have 
studied only men,*6 and training studies have lasted 5 
to 52 weeks. Methodologic problems that may have 
contributed to inconsistencies in results include small 
sample sizes, lack of adequate control groups, systemat- 
ic bias (e.g., only reporting data on subjects who dem- 
onstrate the greatest gains), and inclusion of subjects 
with concomitant medical problems. 

In an initial pilot study,'? we demonstrated that a 
12-week exercise program was associated with a 10% 
improvement in functional work capacity. However, we 
did not measure VO) and had no control group. Subse- 
quently, we improved upon the pilot study by includ- 
ing a larger sample, screening for concomitant medi- 
cal illness, randomizing subjects to nonexercise control 
groups, and measuring VO). In our initial report,!’ we 
described the results of the first 4 months. The purpose 
of the present investigation was to assess the feasibility 
of a long-term structured exercise program for older 
adults, and to document the cardiovascular adaptations 
in this more recent subject sample, with up to 14 
months of aerobic exercise. 


P revious studies suggest that exercise training in 


METHODS 

The methods of our longitudinal study are described 
in detail elsewhere.'? In brief, 101 healthy subjects (51 
women, 50 men) were studied over a 14-month period. 
Subjects ranged in age from 60 to 83 years (mean + 
standard deviation 67.0 + 4.9). All subjects were in 
good health but were not engaged in habitual exercise 
before study entry. Subjects underwent a baseline evalu- 
ation (Time 1) and subsequent evaluations at 4 months 
(Time 2), 8 months (Time 3) and 14 months (Time 4). 
The study protocol was approved by the Duke Medical 
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Center institutional review board, and informed consent 
was obtained from each subject. 

Procedures: The Duke Aging and Exercise Study 
was conducted between 1985 and 1987. Subjects were 
randomly assigned to an aerobic exercise group (n = 
33), a yoga-flexibility control group (n = 34), or a wait- 
ing list control group (n = 34) after the completion of 
an extensive psychologic and physiologic assessment 
battery. 

Subjects in the aerobic group attended 3 supervised 
exercise sessions per week for 4 consecutive months. 
During the first 2 weeks, subjects were assigned 6-beat 
training ranges equivalent to 50% of their maximal 
heart rate (HR) reserve [(HR max — HR rest) 0.50 + 
HR rest]!4 during an initial bicycle exercise test. At the 
start of the third week, the exercise prescription intensi- 
ty was increased to 60% of maximal heart rate reserve. 
During the fourth week, training ranges equivalent to 
70% of maximal heart rate reserve were assigned. This 
training range was maintained for the remainder of the 
training regimen. In addition to the progressive increase 
in intensity, the duration of cycle ergometry started at 8 
minutes at the first session, and increased by 2 minutes 
each subsequent session. By the fourth week, all sub- 
jects were cycling for 30 minutes continuously at an in- 
tensity equivalent to 70% of maximal heart rate reserve. 
The subjects then engaged in brisk walking/jogging and 
arm ergometry at their prescribed training range for 15 
minutes. Each aerobic exercise session began with a 10- 
minute warm-up exercise period and concluded with 5 
minutes of cool-down exercises. Heart rates were moni- 
tored via radial pulses and were recorded, along with 
ratings of perceived exertion,'> 3 times during each ex- 
ercise session. 

Subjects in the yoga group participated in 60 min- 
utes of yoga exercises 22 times per week for 4 months. 
The supervised yoga classes provided a control group 
for the effects of social stimulation and attention 
from trainers, without producing an aerobic training 
stimulus. 

Subjects randomized to the waiting list control 
group did not receive any form of treatment between 
Time | and Time 2 evaluations. They were instructed to 
maintain their usual physical activity habits and to re- 
frain from initiating an exercise program for the 4- 
month period. Subjects in all 3 groups were told to 
maintain their regular dietary habits until completion of 
the study. 

After the first 4 months, all subjects participated in 
4 months of aerobic exercise using the aforementioned 
exercise protocol and underwent a third (Time 3) as- 
sessment. Although this study was originally intended to 
last for 8 months, many subjects requested that it be 
extended. Consequently, we provided subjects with the 
option of participating in 6 additional months of super- 
vised aerobic exercise and all available subjects (regard- 
less of whether they stopped after 8 or 14 months) un- 
derwent an assessment at Time 4. 

Assessments: Blood pressure measurements were 
obtained by standard cuff sphygmomanometry while 
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the subject was in the sitting position. Body weight was 
obtained by a standard balance scale. Levels of plasma 
triglycerides, total serum cholesterol, and low- and high- 
density lipoprotein cholesterol were determined from 
blood samples drawn between 0700 and 0900 hours af- 
ter a 14-hour fast. 

Cardiorespiratory fitness was measured by a maxi- 
mal cycle ergometry test after a practice test (Fi- 
tron cycle ergometer, model no. F1000750, Cybex Lu- 
mex Ine.). The protocol, with a pedaling rate of 60 
rpm, started at 150 kpm-min™! and increased by 150 
kpm-min~! every 3 minutes. A 12-lead electrocardio- 
gram (Hewlett Packard, model no. 1517A) was moni- 
tored continuously and heart rate recorded every min- 
ute. Blood pressure was measured by cuff sphygmoma- 
nometry at 3-minute intervals. Respiratory and oxygen 
consumption measurements were obtained with a Sys- 
tem 4400 metabolic instrument (Alpha Technologies, 
Inc., Laguna Hills, California). Measurements of VO», 
carbon dioxide consumption, expired ventilation and 
end-tidal gas concentrations were measured breath-by- 
breath and recorded every 15 seconds. In addition, an- 
aerobic threshold was derived from the respiratory and 
oxygen consumption data, and was determined by a sin- 
gle, blinded investigator (MBH) unaware of the train- 
ing status of the subjects by procedures described pre- 
viously. '® 

Statistical analysis: Data were analyzed by a 3 
(group) X 2 (gender) X 2 (time) repeated measures 
multivariate analysis of variance. Group and gender 
served as between-subject factors and time served as 
a within-subject factor. For the comparison between 
Times 3 and 4 (the optional 6-month extension), sub- 
jects were grouped according to status (whether or not 
they participated in the 6-month supervised aerobic ex- 
ercise program) rather than by their initial group as- 
signment. 


RESULTS 

Compliance: Of the original 101 subjects, 97 com- 
pleted their assessments at Time 2. All remaining sub- 
jects participated in aerobic exercise between Times 2 
and 3 and completed an average of 244 sessions, main- 
taining their heart rates within the prescribed training 
range 270% of the time. Only 8 subjects dropped out 
before completing their Time 3 assessments, for an 8- 
month dropout rate of 11%. Fifty subjects participat- 
ed in an additional 6 months of aerobic exercise, 49 
of whom completed the 6-month extended exercise 
program. 

All available participants, regardless of compliance 
with the exercise program, were asked to return for a 
fourth assessment 14 months after the initial baseline 
evaluations. Eighty-four subjects returned, for an over- 
all follow-up rate of 84% at 14 months. Compliance 
with the program is summarized in Table I. 

Weight and blood pressure: A series of analyses of 
variance were performed to assess changes in body 
weight, and systolic and diastolic blood pressure be- 
tween Times 2 and 3 and 3 and 4. Because the results 





TABLE I Exercise Compliance 


Time 1 to Time 2 


Waiting 


Aerobic Yoga List Aerobic 


Mean number + SD of 
sessions attended 
Percentage of time in 88 85 


training range 
Mean RPE + SD 13.5273 13.04 2.2 
Dropouts 2 3 


Total no. of pts. 33 31 


Time 2 to Time 3 


Time 3 to Time 4 


Waiting 
List 


Waiting 


Yoga List Aerobic Yoga 


70 75 81 59 82 


13.9418 135423 131419 143425 135243. 


3 nee tOn Ds L 
34 32 23 12 15 


49 subjects completed the aerobic exercise program at Time 4, but 84 of the original cohort of 101 subjects returned for follow-up evaluation. 


RPE = ratings of perceived exertion; SD = standard deviation. 


between Times 1 and 2 have been described previously, 
they will not be reported in detail. For body weight, 
there were significant gender main effects at Times 2 to 
3 (p <0.0001) and Times 3 to 4 (p <0.0001). Overall, 
men weighed more than women (80.3 + 9.6 vs 63.1 + 
10.4 kg). There also were significant time-related main 
effects between Times 2 and 3 (p <0.003), but not be- 
tween Times 3 and 4. All subjects tended to lose a slight 
amount of weight (<1.5 kg) between Times 1 and 4. 

Between Times 1 and 2, men tended to exhibit a 
greater reduction in diastolic blood pressure than wom- 
en. Systolic blood pressure did not change significantly. 
The analysis of variance between Times 2 and 3 re- 
vealed a time main effect, with all subjects exhibiting a 
reduction in diastolic blood pressure from 76 + 9 to 73 
+ 10 mm Hg (p <0.03). Between Times 3 and 4, there 
was only a significant gender main effect for systolic 
blood pressure, with men having lower levels (124 + 15) 
than women (129 + 16) (p <0.03). Comparison of 
blood pressures between Times | and 4 revealed signifi- 
cant time main effects for systolic (p <0.003) and dia- 
stolic blood pressure (p <0.006). Thus, there was a ten- 
dency for blood pressure to be lower at the conclusion of 
the study, independent of exercise status. 

Cardiorespiratory function: Separate, repeated mea- 
sures multivariate analysis of variance were performed 
between Times 2 and 3 and 3 and 4. Between Times 1 
and 2, we reported that participants in the aerobic 
group achieved an average 11.6% improvement in peak 
VO, (relative) and 9.1% improvement in anaerobic 
threshold, whereas results of subjects in the 2 other 
groups did not change. Thus, the different treatment 
programs produced differential improvements in cardio- 
respiratory fitness among the 3 groups. 

Because all subjects participated in aerobic exercise 
between Times 2 and 3, the repeated measures multi- 
variate analysis of variance for the Time 2 to 3 data 
assessed the effects of an additional 4 months of aerobic 
exercise for the aerobic group and of an initial 4 months 
of aerobic exercise for the yoga and waiting list con- 
trol groups. The results of the multivariate analysis 
of variance yielded significant multivariate main ef- 
fects for group (p <0.002), gender (p <0.0001) and 
time (p <0.0001), and significant group X gender 
(p <0.02), gender X time (p <0.06) and group X time 
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(p <0.0006) interactions. Significant univariate group 
X time effects were observed for heart rate at submax- 
imal work loads (p <0.04), time on the bicycle 
(p <0.0001), and peak VO) (p <0.002). Between Times 
2 and 3, the yoga and wait list groups significantly in- 
creased their cardiorespiratory fitness, whereas the aer- 
obic group merely maintained their previous improve- 
ments from Times 1 and 2 (Table II). Examination of 
the mean change in peak VO) (relative) from Time 2 to 
3 revealed that the yoga group achieved an average 
10.5% improvement and the waiting list group an aver- 
age improvement of 15%. Subjects in all 3 groups 
achieved a significant increase in anaerobic threshold 
(p <0.005). 

Because not all subjects elected to continue with 6 
months of supervised exercise, exercise status was sub- 
stituted for group in the multivariate analysis of vari- 
ance as a between-subjects factor between Times 3 and 
4. Table III lists the changes as a function of status. 
Results revealed a significant multivariate main effect 
for gender (p <0.0001), which reflects the consistent 
advantage in aerobic capacity for men throughout the 
duration of the study, and a multivariate time X status 
interaction (p <0.002). Men achieved higher peak VO, 
than women (25.0 + 8.2 vs 17.3 + 2.8 ml/kg/min), had 
lower heart rates at rest (70 + 14 vs 74 + 11 beats/ 
min) and at 300 kpm-min~! (87 + 12 vs 108 + 16 
beats/min), and achieved longer times on the bicycle 
(14.5 + 5.0 vs 8.9 + 1.4 min). Men also had greater 
anaerobic thresholds than women (13.4 + 2.5 vs 10.6 + 
1.5 ml/kg/min). Examination of the univariate time X 
status interactions revealed that subjects who continued 
with the program exhibited lower submaximal heart 
rates (p <0.03) and achieved longer bicycle times 
(p <0.005) than subjects who discontinued the super- 
vised exercise (Table III). 

Interestingly, between Times 1 and 4 there was a 
significant time X status interaction (p <0.02), as well 
as a significant time X status X gender interaction for 
anaerobic threshold (p <0.05). Subjects who main- 
tained their exercise increased their anaerobic threshold 
from 746 + 240 to 940 + 317 ml/min, whereas the 
subjects who did not continue only increased their 
thresholds from 749 + 212 to 815 + 243 ml/min. This 
pattern was especially true for the men who continued 
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70+ 13.7 
103 + 23.4 
148 + 20.5 
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742 +210 
18.443.9 

1,345 + 436 
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TABLE Il Mean Change + Standard Deviation in Cardiorespiratory Function over Time by Group 
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to exercise. The men who participated in the exercise 
program increased their thresholds from 914 + 209 to 
1,223 + 190 ml/min (p = 0.0001), whereas the thresh- 
olds of the men who discontinued remained relatively 
unchanged (894 + 192 to 965 + 275 ml/min) (differ- 
ence not significant). Corresponding values were 570 + 
106 to 618 + 118 and 601 + 90 to 684 + 135 ml/min 
for women who continued and discontinued the pro- 
gram, respectively. Of the original 33 subjects assigned 
to the aerobic group, 23 participated in the full 14- 
month exercise program. This subgroup of subjects in- 
creased their aerobic power by 18% at the conclusion of 
the study. 

Lipids: To assess changes in lipids, low- and high- 
density lipoprotein cholesterol, total cholesterol and tri- 
glycerides were considered together in a multivariate 
analysis of variance. The mean lipid values for the 4 
testing sessions are listed in Table IV. In our previous 
report,'? we noted that women had higher high-density 
lipoprotein levels (60.5 + 14.3 mg%) than men (44.3 + 
8.9 mg%) (p <0.0001), and that only the aerobic group 
had a significant reduction in total (p <0.002) and low- 
density lipoprotein cholesterol (p <0.003). The 3 groups 
had a significant reduction in triglycerides over time 
(p <0.009). 

Between Times 2 and 3, there were significant mul- 
tivariate main effects for gender (p <0.0001) and time 
(p <0.0001). Both total (p <0.0001) and low-density 
lipoprotein cholesterol (p <0.0001) increased slightly 
from Time 2 to 3 in all groups. Once again, women had 
higher high-density lipoprotein cholesterol levels than 
men. 

The multivariate analysis of variance between Times 
3 and 4 revealed a marginally significant time X status 
interaction (p <0.06), as well as significant main effects 
for time (p <0.0003), gender (p <0.0001) and status (p 
<0.05). Examination of the univariate time X status in- 
teractions indicated that only the subjects who contin- 
ued in the exercise program significantly increased their 
levels of high-density lipoprotein cholesterol (54.3 + 
14.7 to 58.0 + 14.7 mg%; p <0.05) (Table IV). No 
other univariate interactions were statistically signif- 
icant. 


DISCUSSION 

The results of this study demonstrate that a program 
of regular aerobic exercise is associated with significant 
improvement in functional capacity in a group of older 
men and women. Men and women had comparable im- 
provements of 10 to 15% in cardiorespiratory fitness af- 
ter 4 months of aerobic exercise. An additional 4 
months of exercise produced a more gradual improve- 
ment of 1 to 6% in peak aerobic power. Subjects in the 
aerobic group who maintained their exercise for the full 
14 months achieved an average increase in peak VO, of 
18%, relative to their baseline assessments. It should be 
emphasized that these data reflect the average improve- 
ment among highly motivated older persons who initiate 
an exercise program, rather than the potential physio- 
logic responses to exercise training. Indeed, 1 subject 
achieved a 68% improvement in aerobic power. Even 


TABLE Ill Mean Physiologic Measures + Standard Deviation by Status (Discontinued or Continued for 6-Month Extension) for 
Time 1 (Baseline), Time 3 (8 Months) and Time 4 (14 Months) 


Cardiovascular 
HR at rest 
(beats /min) 


Submaximal HR 


(beats/min) 


Bicycle time (min) 


Peak VO> 


(ml/kg/min) 


Peak VO> 
(ml/min) 
AT (ml/min) 
Total cholesterol 
(mg%) 


Discontinued 


1 


74.2 +12.6 


104.7 + 18.6 


11.0 42.7 
19.0 + 4.2 


1,376.6 + 424.9 


748.7 + 211.8 
236.4 + 36.5 


49.0 + 13.9 


70.9 + 11.3 


99.5+18.4 


11.3429 
19.9 + 4.8 


1,400.3 + 454.7 


772.4+ 224.2 
254.4 + 31.2 


§2.3412.5 


74.6+411.4 


103.5+17.8 


10/3 42:5 
19.9 + 4.6 


1,425.6 + 491.6 


814.5 + 242.8 
253.3 + 38.0 


53.0 + 14.8 


Continued 


1 


73.1 + 12.3 
104.7 + 19.7 


10.8 + 3.3 
18.6 + 5.0 


1,373.3 + 524.8 


745.7 + 239.7 
233.5 + 35.0 


54.8 + 14.7 


70.7 +11.9 


97.0 + 17.0 


11.8 3.4 
21.1457 


1,537.3 + 589.0 


865.8 + 260.6 
241.9 + 38.8 


54.3 + 14.7 


70.2 + 9.8 
93.9 17:3 


11.74+3.6 
22.04 5.9 


1,602.1 + 598.6 


940.4 + 317.3 
235.1 + 35.9 


58.0 + 14.7 





HDL cholesterol 
(mg%) 

LDL cholesterol 
(mg) 

Triglycerides 
(mg%) 


154.7 + 35.1 173.2 + 33.8 


163.4 + 62.3 144.7 + 79.0 


170.8 + 39.9 


147.8+ 69.8 


152.3 + 36.0 163.9 + 35.6 155.6 + 34.8 


131.84 52.8 118.6 +61.6 107.4 + 42.0 


HDL = high-density lipoprotein; LDL = low-density lipoprotein; other abbreviations as in Table Il. 


greater improvements may be possible in some subjects 
with more intense training. 

The magnitude of change in peak VO, is generally 
consistent with other studies. Cunningham et al,’ for ex- 
ample, reported an 11% improvement after 12 months 
in a randomized clinical trial of 224 men aged 55 to 65 
years. Niinimaa and Shephard!’ observed a 10% im- 
provement in maximal VO) in 19 men and women aged 
60 to 76 years. However, other studies have reported 
higher values. Sidney and Shephard!” studied 14 men 
and 28 women for a period of up to 1 year of exercise 
training. Although they reported an overall 24% im- 
provement in maximal VO», only 22 of the 42 subjects 
actually completed the protocol. Because an additional 
20% of the potential subjects were rejected at study en- 
try, the authors noted that the improvement in aerobic 
capacity may not have been representative of the older 
population i in general. Seals et al? reported a 25 to 30% 
increase in maximal VO, after 12 months of training. 
However, they used a different exercise modality (jog- 
ging and walking vs biking) at a higher intensity train- 
ing stimulus (85% for 45 vs 70% for 30 minutes), and 
reported data from only the 11 subjects who completed 
the exercise training protocol. Similarly, Barry et al® 
noted a 38% increase in maximal VO; after 3 months of 
exercise training in only 8 subjects aged 55 to 78 years. 
Inclusion of subjects <60 years old in the sample, re- 
porting data only for those subjects who completed the 
exercise training protocol, and apparent premature ter- 
mination of several initial tests may have influenced the 
magnitude of the training effect. In contrast, our data 
were analyzed following the “intention to treat” princi- 
ple, under the assumption that it is more clinically rele- 
vant to assess the likely extent of improvement in aero- 
bic power in healthy older persons than the potential 
degree of improvement. 
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Few previous studies examine the effects of exercise 
training on anaerobic threshold in older subjects. Seals 
et al'® demonstrated a decrease in lactate levels at sub- 
maximal work loads after a 6-month exercise training 
program, and this effect was enhanced when a more 
intensive exercise regimen was continued for 6 addition- 
al months. Our study is unique in that it demonstrates 
progressive improvements in submaximal exercise per- 
formance with prolonged training at the same intensity 
level. 

It is also of interest to note that continued exercise 
training appeared to increase anaerobic threshold more 
than peak VO). Examination of the ratio of anaerobic 
threshold to peak VO> revealed an increase from 54% at 
Time 1 to 60% at Time 4 among participants who con- 
tinued to exercise for the 14 months. These data are 
consistent with data from studies of middle-aged seden- 
tary persons, which showed that the anaerobic threshold 
occurs at 50 to 60% of maximal VO>.!9 In addition, the 
change in the ratio of anaerobic threshold to VO) sug- 
gests that increases in anaerobic threshold and peak 
VO; initially occur in parallel but then dissociate with 
prolonged training. For example, the correlation of the 
change in anaerobic threshold and change in peak VO, 
among aerobic participants was significantly greater be- 
tween Times 1 and 2 (r = +0.65, p <0.001) than for 
aerobic participants who maintained their aerobic exer- 
cise between Times 3 and 4 (r = +0.26, difference not 
significant). The observation of a dissociation between 
increases in anaerobic threshold and peak VO, among 
the elderly has been noted previously in young and mid- 
dle-aged subjects.”°! Peripheral adaptations that pro- 
mote increased submaximal exercise performance may 
include increased capillarization or increased aerobic 
enzyme content in skeletal muscle.** Thus, maintenance 
of regular aerobic exercise is associated with significant 
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TABLE IV Mean Lipid Values + Standard Deviation 


Waiting List 
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98.9 + 14.9 
158 + 47.2 
124+ 51.5 


236 + 38.2 232 + 43.7 246 + 42.2 
53.44160 5454156 5384134 
171 + 30.0 153 + 39.0 150 + 41.0 165 + 37.1 
126+ 52.8 144 49.1 138 + 60.4 136 + 73.1 
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242 + 33.2 
eso $331 
165 + 32.2 
125+61.2 


233 + 29.5 
49.54+12.3 
1554 28.4 
143+ 55.5 


238 + 33.4 
56.7 4.15.5 
156 + 34.1 
123471.6 


247 + 36.9 
55.2 + 13.6 
166 + 39.9 
126+ 73.9 


224 + 39.4 
52.3 + 14.3 
144 + 38.9 
139 + 83.2 


235 + 38.6 
52.7 + 15.4 
151 +39.1 
153+71.7 


TC (mg%) 
HDL-C (mg%) 
LDL-C (mg%) 
TRIG (mg%) 


total cholesterol; TRIG = triglycerides; other abbreviations as in Table Ill. ; ot p ot 
Data at Time 1 and Time 2 have been reported previously.!? Only 12 women (5 aerobic, 2 yoga, 5 waiting list) were receiving hormone-replacement therapy. Removal of these women from analysis did not alter the results. 
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improvements in aerobic power and, perhaps more im- 
portantly, with increased ability to exercise at submaxi- 
mal work loads. 

We also noted significant changes in lipid profiles 
associated with the exercise training program. We ob- 
served that subjects who participated in aerobic exercise 
had a reduction in total and low-density lipoprotein cho- 
lesterol between Times 1 and 2. Moreover, subjects who 
continued for 14 months of exercise also had a signif- 
icant increase in high-density lipoprotein cholester- 
ol. Our data are generally consistent with cross-sec- 
tional’*4 and longitudinal studies?5?6 among younger 
adults, although studies have not always found lipid 
changes.*’*® Our data are consistent with those of 
Brownell et al,?? who reported that women tended to 
have lower total and low-density lipoprotein cholesterol 
values and higher high-density lipoprotein cholesterol 
values than men. Although Brownell et al noted a trend 
for men to have larger decreases in low-density lipopro- 
tein cholesterol and larger increases in high-density lipo- 
protein cholesterol, relative to women, after 10 weeks of 
exercise, we did not observe a similar trend in our data. 
In the absence of any gender interactions with group or 
time, it would appear that, in our sample of older men 
and women, the lipid changes in response to exercise 
were comparable. Thus, aerobic exercise is associated 
with significant and meaningful improvements in aero- 
bic capacity, submaximal exercise performance, and lip- 
id patterns, particularly when habitually maintained. 
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A Plea for Two Actions That Need to be Taken 


Norman M. Kaplan, MD 


take 2 positive steps for their patients’ (and their 

own) welfare. 

First, every person in the U.S. should be asked to 
complete a living will, durable power of attorney, and 
organ donation authorization, as provided in the single- 
page Medical Directive in Emanuel and Emanuel’s 
report in the June 9, 1989 Journal of the American 
Medical Association (JAMA).! Their single document 
provides a simple solution to the major problem left un- 
settled by the original U.S. Supreme Court’s decision 
not to allow the parents of Nancy Cruzan to remove life 
support in the absence of her written authorization. The 
use of the directive has been explored further in a more 
recent JAMA report.” Hopefully, the American Medi- 
cal Association will make copies of the directive avail- 
able but, in the interim, page 3290 of the June 9, 1989 
JAMA can be reproduced and used. 

Only 15% of the U.S. public now has a living will. 
Every health professional should, first, complete such a 
directive for him- or herself and, second, ensure that 
every patient under their care be provided such a docu- 
ment. Those of us at a medical school should insist that 
the topic be discussed with our students and staff and 
that they be offered a directive. Those of us at hospitals 
and clinics should ensure that all patients and their fam- 
ilies have access to a directive, preferably before admis- 
sion, while they are outpatients. 

If we do not take such action, many more than the 
currently estimated 30,000 patients in the U.S. who are 
comatose and in a persistent vegetative state will be de- 
nied the right to have unwanted life support removed. 
The point, of course, is that every person has the obliga- 
tion to express their wishes, even if those wishes be that 
every conceivable action be taken to support life under 
any circumstance. I hope that every medical society, 
hospital staff and medical school faculty will do all that 
is possible to enlarge this practice. 

The second action is much more positive than the 
first and it also applies to a very large part of the popu- 
lation. This involves the use of postmenopausal estrogen 
therapy, a practice that is being curtailed in part be- 
cause of an incorrect assumption that it will aggravate 
or incite systemic hypertension, along with concerns 
about the induction of endometrial cancer. 

Postmenopausal estrogen replacement therapy has 
been repeatedly and almost uniformly shown to reduce 
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morbidity and mortality from coronary artery disease? 
and stroke* with an overall reduction in risk close to 
50% of that seen in non-users. The one negative report 
that conflicts with the overwhelming strong positive 
data from >24 others is from the Framingham Heart 
Study. In that cohort, estrogen users had a 1.90 in- 
creased relative risk of coronary artery disease and a 
2.27 increased relative risk of stroke compared to non- 
users. Although there is no apparent reason for these 
highly discrepant results, there are problems with these 
data, mainly in the ascertainment of estrogen use, its 
duration and dosage, and time relative to the onset of 
menopause. 

The cardioprotective effect of estrogens has general- 
ly been ascribed to favorable influences on lipids. A 
study in monkeys has shown that estrogens also modu- 
late the vasomotor responses of coronary arteries, pre- 
sumably by maintaining the integrity of the endothelial 
cells.’ 

Postmenopausal women with preexisting systemic 
hypertension obtain relatively more protection from cor- 
onary artery disease by estrogen therapy than those who 
are normotensive, presumably because they start at a 
significantly higher risk. In the study of Ross et al,* the 
mortality rate from coronary artery disease in those 
who were not hypertensive was 3.2/1,000 persons per 
year in non-users and 2.2 in users, a 32% reduction; in 
those who were hypertensive, the rates were 6.5 in nev- 
er-users and 3.1 in users, a 52% reduction. 

Beyond the almost certain and highly significant 
protection against cardiovascular disease offered by 
postmenopausal estrogen use, it will also protect against 
the very considerable risk of bone fractures from osteo- 
porosis, a risk that is >50% for a 50-year-old white 
woman who does not use estrogens during her remain- 
ing lifetime.’ 

The only downside of postmenopausal estrogen use 
has been the potential for endometrial cancer in women 
with an intact uterus. This risk has been virtually re- 
moved by concomitant use of progestogens for 10 to 12 
days each month. The risk for breast cancer does not 
appear to be increased. 

As summarized by Belchetz? in an editorial: “Hor- 
mone replacement treatment is not a panacea, and 
healthy bones and hearts may be achieved by exercise 
and diet. But there is now irrefutable evidence of the 
benefits of this treatment, and it should be offered to 
many more women.” He had previously noted that the 
therapy was less widely used than it should be because 
“many doctors remain suspicious that thrombotic disor- 
ders are promoted by estrogens; they wrongly extrapo- 
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oral contraceptives.” 

Belchetz should have added a concern about the pro- 
motion of hypertension as well, also wrongly extrapolat- 
ed from the effects of oral contraceptives. I believe that 
this too is a widely held view. Nonetheless, beyond a 
handful of cases,'° numerous surveys!!-!5 have shown 
no promotion of hypertension by postmenopausal estro- 
gen use. In fact, lower blood pressures have been found 
in postmenopausal estrogen users than in non-users in 
all 5 of these surveys. 

Menopause is accompanied by a steeper increase in 
blood pressure!® and a considerably higher risk of coro- 
nary artery disease.'’ In view of the strong evidence that 
estrogen use will protect against coronary artery disease 
and may indeed reduce blood pressure, the need for 
postmenopausal estrogen therapy is clear. We need to 
remove any concerns about the potential for the promo- 
tion of systemic hypertension by this therapy so it may 
be more widely provided to those in need. 
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BRIEF REPORTS 


Is ST Elevation the Only Electrocardiographic Response of the 


Ischemic Right Ventricle? 


David W. Krueger, MD, Douglass A. Morrison, MD, J. Kern Buckner, MD, Kathleen Kelley, RN, and 


JoAnn Lindenfeld, MD 


Re ventricular (RV) infarction is frequently associ- 
ated with transient ST elevation in right precordial 
leads.':2 Studies of patients with an inferior infarction 
have shown that right precordial ST elevation is predic- 
tive of a proximal right coronary artery (RCA) occlu- 
gion,’ and that the duration of the ST elevation is predic- 
tive of the extent of early RV dysfunction.* The spectrum 
of electrocardiographic response to ventricular ischemia 
is well described in the left coronary distribution>~’ but 
not in the RCA distribution. Stenosis of the proximal 
RCA before the major RV branches is uniformly associ- 
ated with exercise-induced right precordial ST eleva- 
tion.-!° Proximal RCA lesions have also been associated 
with a reduction in RV ejection fraction during exercise 
and during balloon occlusion.'!:!* Two studies of 8 and 13 
patients undergoing RCA angioplasty showed right pre- 
cordial ST elevation, but did not report the occurrence of 
right precordial ST depression.':'4 

This study was performed prospectively to determine 
the electrocardiographic response in V4R in consecutive 
patients undergoing,coronary angioplasties, using angio- 
plasty as a model of reversible ischemia. We hypothesized 
that ischemia during proximal RCA angioplasty would 
be similar to exercise-induced ischemia—that is, ST ele- 
vation and not ST depression would be seen in the right 
precordial leads. 

A total of 139 patients (26 women, 113 men) with 179 
lesions were prospectively studied. The patients were 
referred for percutaneous transluminal coronary angio- 
plasty for both stable and unstable angina pectoris to 3 
affiliated University of Colorado hospitals over a period 
of 14 consecutive months. Every patient who did not have 
bundle branch block and on whom a V4R lead was placed 
was analyzed. One vessel was dilated in 110 patients, 2 
vessels were dilated in 25, and 3 vessels were dilated in 4. 
Table I lists the anatomical distribution. 

Right precordial VR was recorded before, during 
and after balloon occlusions. Paper speed was 50 mm/s 
and the calibration was 1 mV = 10 mm. ST-segment 
deviation was measured immediately before balloon de- 
flation, at 80 ms after the J point. Three consecutive 
beats were analyzed, with the ST deviation measured 
visually to the nearest 0.25 mm. The mean value was 
calculated, with a cut off of ST deviation of 1 mm re- 
quired. Balloon inflations of 245 seconds (majority 
>60 seconds) were analyzed. 

There were 35 patients who had stenoses of 270% 
before the majority of the RV blood supply (nearly all 
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before the first RV branch; the others after a small first 
RV branch and before a larger second RV branch). Of 
35 patients, 29 (86%) had =1 mm of ST elevation in V4R 
with balloon inflation. Of the 15 patients with distal 
RCA lesions, none had ST elevation in VR during bal- 
loon inflation. There were 85 left anterior descending or 
large ramus intermedius stenoses dilated. The great ma- 
jority (92%) were proximal lesions, at or before the first 
diagonal branch. Seven of the left anterior descending 
lesions and 3 of the trifurcation lesions produced ST 
elevation in VR, whereas no ST elevation was revealed 
in the other 75. Only 9 of these 75 left anterior descend- 
ing lesions produced mild ST depression and, occasion- 
ally, accompanying T-wave inversion. Of the 41 circum- 
flex distribution stenoses, ST elevation in VzR was re- 
vealed in 3, and nearly one-third had ST depression with 
frequent T-wave inversion. Three “protected” left main 
stenoses were dilated, and no significant ST changes in 
V4R were revealed in any of them. 

In an earlier study we showed that proximal RCA 
stenosis may result in exercise-induced RV ischemia as 
well as inferior left ventricular ischemia.* Although exer- 
cise-induced ischemia of the left ventricle is most often 
represented as ST depression, we did not see ST depres- 
sion in V, during exercise in patients with RCA disease, 
only ST elevation.® This suggested that RV ischemia may 
only be manifested as ST elevation. We used percutane- 
ous transluminal coronary angiography as a model of 
reversible ischemia to determine if RV ischemia ever 
resulted in ST depression in the right precordial leads. It 
is known that ischemia of the left ventricle during balloon 
inflation often results in either ST elevation or depression 
in left precordial leads.>-’ This study demonstrates that 
RV ischemia during percutaneous transluminal coronary 
angioplasty, just as during exercise, results only in right 
precordial ST elevation and not ST depression. 

The absence of ST elevation in V4R in 6 of the 35 
proximally diseased RCA patients has several possible 
explanations. Rotation of the heart or unusual body ge- 
ometry may alter the sensitivity of the precordial leads. 
Some investigators advocate using extreme right precor- 


TABLE I ST-Segment Change in V4R During Angioplasty 









Coronary ST-Segment Change in V4R* 
Angioplasty 
Site Elevation Depression None 





Proximal right 29 
Distal right 0 0 15 





Left circumflex 3 13 25 
Left anterior descending 10 9 66 
Left main 0 1 2 
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dial leads, V4R to VgR,'* or intracoronary recording’ 
for the best sensitivity. Collateral vessels, not present in 
any of the 35 proximally diseased RCA patients or the 15 
distally diseased RCA patients, could be transiently 
opened during balloon inflation and thereby alleviate RV 
ischemia. Historically, right precordial leads have only 
reached a 90% sensitivity when compared with wall mo- 
tion and hemodynamic correlation.! 

The “false positive” ST elevation in V4R seen with 
some proximal left anterior descending and proximal cir- 
cumflex angioplasties is probably multifactorial. Pure 
posterior-lateral subendocardial ischemia, seen recipro- 
cally as ST elevation anteriorly, may explain the circum- 
flex and high diagonal distributions. Norell® studied 27 
patients with 1-vessel coronary artery disease involving 
the proximal left anterior descending artery, and found 
the subset of patients with accompanying inferior ST 
depression did not have any change in inferior wall mo- 
tion. Such “reciprocal” changes have likewise been re- 
vealed during angioplasty of circumflex lesions. Berry et 
alí showed that the majority of circumflex angioplasties 
revealed ST depression on the surface precordial leads, 
whereas the intracoronary electrocardiogram primarily 
revealed ST elevation. Widespread left precordial ST 
elevation “spilling over” to the right precordium probably 
explains the majority of cases involving the left anterior 
descending artery. This is akin to anterior infarction, 
where the trend of the precordial ST elevation is diagnos- 
tic, growing from V; to V3.!> 

ST depression in V4R during left coronary artery an- 
gioplasty probably has several explanations. Angioplasty 
of the circumflex system can result in posterior wall 
transmural ischemia with ST elevation, and reciprocal 
ST depression in the anterior leads. ST depression in V4R 
during left anterior descending artery angioplasty proba- 
bly represents subendocardial ischemia of the anterior 
wall that is detectable into the right precordium. 

In the absence of intervention, persistent ST elevation 
with left ventricular infarction usually results in Q waves 
and a decreased left ventricular ejection fraction that 
does not improve over time. As shown by Yasuda et al!®!7 
and many others, serial evaluation of clinically diagnosed 
RV infarctions demonstrates a progressive improvement 
in ejection fraction after infarction, implying significant 
reversible RV dysfunction. Combined with the ST eleva- 
tion as the only electrocardiographic response of RV isch- 
emia by treadmill and angioplasty studies, one could 
question whether much of what is called “RV infarction” 
is in fact reversible ischemia.‘ Because of its thinness, 
better coronary phasic flow, better wall tension charac- 
teristics, and the possible role of Thebesian veins, the 
right ventricle tolerates ischemia better than the left. 
Schofer et al,!8 comparing intracoronary thallium with 
pyrophasphate injections in patients with an acute myo- 
cardial infarction, likewise concluded that the right ven- 
tricle does not infarct under conditions similar to those 
under which the left ventricle infarcts. 

Pathologic correlation of right precordial ST elevation 
in RV infarction is scant. Isner and Roberts!? described a 
pathologic classification of RV infarctions. In their series, 
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27 of 33 involved only the posterior ventricles and posteri- 
or septum, and only 7 extended into the anterior RV free 
wall. Although their work predated right precordial elec- 
trocardiographic correlation, it is probable that the large 
majority of the 33 RV infarctions would have had acute 
right precordial ST elevation. Yet only 18% resulted in 
infarction of the RV free wall. This lends support to the 
current hypothesis that substantial reversible RV isch- 
emia is often present when RV infarction is clinically 
diagnosed during acute inferior infarction. 

Thus, among RCA angioplasties, only ST elevation 
occurred in Y4R. No ST depression in V4R was demon- 
strated during the 50 RCA angioplasties. These data, 
combined with previous exercise data, support these con- 
cepts: (1) RV free wall ischemia induced by either exer- 
cise or angioplasty results in right precordial ST eleva- 
tion; (2) ST elevation may be the only electrocardio- 
graphic response of the ischemic RV free wall; and (3) 
much of what is called RV infarction may actually be 
reversible RV ischemia. 
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Differentiating Anginal Patients with Coronary Artery Disease from 
Those with Normal Coronary Arteries Using Psychological Measures 
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p to 30% of patients with chest pain who undergo 
coronary catheterization have angiographically nor- 
mal coronary arteries.' Several recent prospective studies 
have shown that patients who are found to have normal 
coronary arteries score consistently higher than patients 
with coronary artery disease (CAD) on measures of the 
personality dimension of neuroticism when measured at 
catheterization?-* or 1 year after.» These findings are 
based on a diverse set of psychological tests, including the 
Minnesota Multiphasic Personality Inventory, Beck De- 
pression Inventory, Spielberger State-Trait Anxiety In- 
ventory, Eysenck Personality Questionnaire, Cornell 
Medical Index, and the Millon Behavioral Health Inven- 
tory, attesting to the reliability and validity of the associa- 
tion between normal coronary arteries and neuroticism. 
Anticipating these findings linking neuroticism and 
chest pain with minimal, if any, intimal irregularities of 
the coronary arteries, Costa® raised the possibility that 
psychometric information might be helpful to physicians 
in evaluating candidates for angiography. If a sensitive 
and specific psychometric scale could be developed to 
determine that the patient is likely to have normal coro- 
nary arteries, then less invasive alternatives to catheter- 
ization might be recommended. As a first step, we initiat- 
ed this prospective study to evaluate the usefulness of an 
inventory that was developed for use in medical settings 
to differentiate chest pain patients. 

Referred for cardiac catheterization with a prelimi- 
nary diagnosis of atherosclerotic CAD, 115 men consent- 
ed to participate in the study. Routine catheterization 
procedures were not altered for this study.’ Of the 115 
patients, 28 (24%) were found to have <50% stenosis of 
their coronary arteries (normal artery group). The re- 
maining 87 patients were found to have >50% stenosis of 
>] coronary artery (CAD group). The mean ages (56 
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years) of the patients in these 2 groups did not differ 
significantly. 

The day before catheterization, all patients complet- 
ed the Millon Behavioral Health Inventory (MBHI1I), a 
150-item (true/false) survey developed to aid in the psy- 
chological understanding of medical patients.’ The 
MBHI yields 20 scale scores; for the present discrimi- 
nant analysis, we used the 6 “psychogenic attitude 
scales” (chronic tension, recent stress, premorbid pessi- 
mism, future despair, social alienation and somatic anx- 
iety) and the 3 “psychosomatic scales” (allergic inclina- 
tion, gastrointestinal susceptibility and cardiovascular 
tendency). The 11 scales we excluded assess “basic per- 
sonality style” and “prognostic possibilities.” Our focus 
on the 9 scales that measure neuroticism was not only 
consistent with recent findings but also enabled us to 
adhere to the general standard of 10 subjects per “item” 
for conducting a discriminant analysis.’ 

The relation between the 9 MBHI scale scores and 
normal coronary arteries versus CAD classification was 
assessed by a direct discriminant analysis using the Sta- 
tistical Package for the Social Sciences. A single signifi- 
cant function (canonical R = 0.47; Wilks’ lambda = 
0.78; chi-square (9) = 26.89, p = 0.002) distinguished 
the groups. Scores on the discriminant function correlat- 
ed (r >0.30) with scores on the following MBHI scales: 
somatic anxiety, cardiovascular tendency, chronic ten- 
sion, gastrointestinal susceptibility, recent stress and al- 
lergic inclination. The mean function score of the normal 
coronary artery group (0.93) was higher than that of the 
CAD group (—0.30). When the discriminant function 
was used to classify patients into the 2 groups based on 
their MBHI responses, with the prior probabilities of 
group size, 82% of the patients were correctly assigned to 
their appropriate group. The assignment of the patients 
with CAD was more accurate (97% correct) than the 
assignment of the patients with normal coronary arteries 
(36% correct). 

On the basis of psychometric assessments adminis- 
tered before coronary angiography, we can distinguish 
between patients with chest pain who are subsequently 
determined to have coronary artery disease or normal 
coronary arteries. These findings of higher neuroticism of 
the patients with normal coronary arteries support our 
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expectations based on recent findings.*-> However, the 
usefulness of the MBHI for psychometric screening is less 
clear. The accuracy of the predictive model based on our 
application of the MBHI is not sufficient, given the con- 
sequences of false negative classification for CAD. How- 
ever, these preliminary findings lead us to believe that 
with further research a more accurate psychometric in- 
strument could be developed that would be sensitive and 
specific for differentiating normal coronary arteries from 
CAD likelihood. In addition, auxiliary measures could be 
used to improve further the accuracy of identifying pa- 
tients with normal coronary artery. For example, Engel et 
al!° asked 83 patients to complete forms describing their 
chest pain for 2 to 3 weeks before catheterization. Subse- 
quently, they found that chest pain with exertion correlat- 
ed positively with CAD, whereas chest pain during emo- 
tional arousal did not correlate with CAD but correlated 
positively with neuroticism.’ Descriptions of feeling an- 
gry, annoyed, tense, worried and upset were positively 
associated with neuroticism but not with CAD. Their 
findings and ours suggest that a full behavioral assess- 
ment, including measures of neuroticism and descriptions 
of chest pain, could yield significant diagnostic informa- 
tion. 

Pryor et al!! developed a model for estimating the 
likelihood of significant CAD based on 9 noninvasive 
clinical characteristics, such as pain type, hyperlipidemia, 
smoking history and S-T-wave changes. Our data support 
the addition of neuroticism measures in considering the 
likelihood of CAD. Validation of our findings using a 
more precise psychometric instrument would lead us to 
encourage physicians to consider such measures in their 
evaluation of patients with chest pain. Should other clini- 
cal signs point toward the presence of CAD, and should 
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there be minimal evidence of neuroticism, then we recom- 
mend proceeding with coronary angiography. However, 
if there is psychometric evidence of neuroticism in a 
symptomatic patient, we suggest that additional noninva- 
sive tests, such as cardiac fluoroscopy or stress thallium 
scintigraphy, be conducted before considering coronary 
angiography. Given recent findings! of a possible rela- 
tion between esophageal and psychiatric abnormalities in 
patients with chest pain but with normal coronary arter- 
ies, we also suggest that esophageal function be eval- 
uated. 
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he administration of subcutaneous lidocaine as a local 
anesthetic is readily observed in dental, orthopedic, 

and minor surgical procedures as well as for the insertion 
of monitoring catheters. The use of any local anesthetic 
presents significant risk to the patient, and extreme cau- 
tion should be exercised in its administration.! Significant 
complications resulting from lidocaine toxicity have been 
reported.*-> However, it is not well recognized that an 
elevated serum lidocaine level may result from the subcu- 
taneous infiltration of lidocaine. Although the guidelines 
for the subcutaneous infiltration of lidocaine are estab- 
lished for children, these recommendations are often ex- 
ceeded. In our study of 10 sequential patients, we describe 
2 cases of lidocaine toxicity that occurred in children 
undergoing cardiac catheterization. This study was de- 
signed to determine if elevated serum lidocaine levels 
could occur after subcutaneous infiltration in children. 
Before the cardiac catheterization procedure, each 
child was premedicated with 1 mg/kg of diphenhydra- 
mine hydrochloride by mouth and 0.15 mg/kg of intra- 
muscular morphine sulfate. The right and left inguinal 
areas were prepped with a povidone-iodine solution and 
then draped ina sterile manner. The skin and subcutane- 
ous tissue of the right femoral triangle was then infiltrat- 
ed with lidocaine hydrochloride. The concentration and 
volume of lidocaine administered were determined by 
the physician performing the catheterization. The sy- 
ringe was aspirated frequently to avoid inadvertent in- 
travascular injections of lidocaine. Cannulation of the 
right femoral vessels, the preferred site of entry, was 
attempted percutaneously with the Seldinger technique. 
When the right femoral vessels were unable to be entered, 
the left groin or left subclavian regions, or both, were 
anesthetized with the same technique. In 7 patients, an 
additional volume of lidocaine was necessary to provide 
adequate anesthesia. Whole blood samples (1.0 ml) were 
obtained via the femoral artery catheter and serum lido- 
caine levels were determined with the fluorescent polar- 
ization immunoassay technique 25 to 120 minutes (mean 
75) after the most recent infiltration. In 6 infants and 
children with a body surface area <1 m? who received a 
mean dose of 19.6 mg/kg (range 4 to 47), 83% developed 
either therapeutic or toxic levels of lidocaine (2.4 to 7.2 
ug/ml, mean 3.98) (Table I). In 4 children >1 m°, all 
levels were <1.0 ug/ml (range 0.8 to 1.0, mean 0.95) 
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after a mean dose of 3.59 mg/kg (range 3 to 5) of lido- 
caine. Multiple infiltrations of lidocaine required in chil- 
dren <1 m° created an increased likelihood of an elevat- 
ed serum lidocaine level (p <0.001), demonstrating that 
infants <1 m° are at an increased risk of lidocaine toxici- 
ty, most likely because of their small body surface area, 
difficulty in cannulating and the need for adequate anes- 
thesia. 

The potential danger resulting from lidocaine over- 
dose may not be fully appreciated. These cases represent 
the first documented reports of toxic serum lidocaine 
levels obtained after subcutaneous infiltration in children 
undergoing cardiac catheterization. Schwartz et alf re- 
ported that the peak mean lidocaine level occurred 30 
minutes after subcutaneous infiltration and that no pa- 
tient developed toxic levels. We suspect that because our 
lidocaine samples were obtained approximately 45 min- 
utes after infiltration in patients 1 and 2, the measured 
lidocaine level may not reflect the actual peak level. 

Alfano et al> described a case of lidocaine toxicity 
secondary to subcutaneous administration in a 2-year-old 
child, who received a total of 31 mg/kg of lidocaine to 
repair a superficial laceration in the right axillary area. 
Twenty minutes after the subcutaneous administration, 
the child had a grand mal seizure from which she recov- 
ered. In the 2 aforementioned children, difficulties ob- 
taining access necessitated alternate sites of entry, or 
multiple injections of lidocaine, or both. The total dosage 
administered to these 2 patients (patient 1, 47 mg/kg; 
patient 2, 25 mg/kg) exceeds the current recommenda- 
tions for the subcutaneous infiltration of lidocaine (4.5 
mg/kg of lidocaine without and 7.0 mg/kg with epineph- 
rine).’ Although no seizures or permanent central ner- 
vous system disturbances were noted in either patient, 


TABLE I Lidocaine Levels in Children Undergoing Cardiac 
Catheterization 


Lidocaine 
Dose 


(mg/kg) 










Time 
(min) 


Level 
(ug/ml) 


Wt. BSA 


(kg) CHF 


Patient 








1 10 0.47 O 47 7.2 40 
2 12 0.56 O 25 6.8 46 
3 7 0.36 + 5 3.2 85 
= 10 0.48 O 14 3.3 60 
5 15 064. -4 14 2.4 90 
6 8 0.38 -0 13 1.0 25 
7 54 Lor G0 5 1.0 90 
8 53 161 O 2 1.0 100 
9 40 136 0 < 0.8 120 
10 64 LZS IAQ 3 1.0 90 


BSA = body surface area; CHF = congestive heart failure. 
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there was evidence of lidocaine toxicity. Both patients 
were extremely lethargic for multiple hours after cathe- 
terization. 

The reason for the elevated serum lidocaine levels is 
related to the increased need for subcutaneous lidocaine 
in these 2 children. With the advent of earlier and more 
aggressive interventional and therapeutic procedures, the 
potential for access problems (inferior vena cava or femo- 
ral vessel obstruction, or both) in children with congenital 
heart disease needs to be appreciated. In addition, the 
ability of the physician to distinguish between adequate 
anesthesia and patient anxiety is often difficult in this 
pediatric age group. Consequently, the use of lidocaine 
may not be the appropriate form of analgesia. For chil- 
dren in whom difficulties with access become apparent or 
to whom large doses of subcutaneous lidocaine are ad- 
ministered, alternate forms of sedation or anesthesia 
(e.g., midazolam hydrochloride, bupivacaine hydrochlo- 
ride) should be considered. Of significant concern is the 
frequent occurrence of congestive liver failure in children 
with congenital heart disease. Lidocaine is known to me- 
tabolize in the liver, and elevated serum lidocaine levels 
can occur despite correct dosage in this population of 
children. This appeared to be the cause of an elevated 
lidocaine level in our patient 3. 

These results indicate that careful use of lidocaine is 
warranted, especially in small children. We recommend, 


for infants <1 m2, a concentration of <1% solution of 
lidocaine. In addition, the total dose should not exceed 4.5 
mg/kg.* In all circumstances, the lowest concentration 
and the smallest dose that will produce the desired effect 
should be administered. 

In addition, to reduce the risk of lidocaine toxicity, 
alternate forms of sedation or anesthesia should be con- 
sidered for high-risk patients. It should also be recognized 
that, in addition to the known adverse effects after admin- 
istration of lidocaine, drowsiness may be an early indica- 
tion of an elevated blood level of the drug, and serum 
lidocaine levels should be obtained. 
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Indexing Repetitive to Single Ventricular Premature Complexes: 
A New Concept in Acute Drug Testing 


Kenneth M. Kessler, MD, Agustin Castellanos, MD, and Robert J. Myerburg, MD 


he clinical application of acute drug testing for the 

treatment of ventricular arrhythmias is limited by 
epidemiologic, statistical and therapeutic uncertainties. 
The suppression of ventricular premature complexes 
(VPCs) is confounded by statistical analyses that require 
high-grade suppression simply to confirm a true re- 
sponse!.? and by the lack of clinical evidence of efficacy 
with respect to mortality.* Repetitive forms of VPCs are 
generally considered more important than single VPCs,* 
and improved clinical outcome has been associated with 
the high-grade suppression of repetitive forms in selected 
high-risk subgroups.> However, the spontaneous variabil- 
ity of repetitive forms is frequently even more marked 
than single VPCs, rendering statistical analysis nearly 
impossible.® Although these uncertainties have directed 
attention to the suppression of sustained and nonsus- 
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tained ventricular tachycardia, both in drug development 
and therapies, there remains a clinical need to test acutely 
the efficacy of antiarrhythmic drugs against manifest 
ventricular arrhythmias. We report a new approach to 
this evaluation. 

Because neither single nor repetitive VPCs have sta- 
ble frequencies, we tested the hypothesis that a relation 
between the frequency of single and repetitive forms ex- 
ists and that such a relation will permit indexing one to 
the other. Twenty-five 24-hour ambulatory recordings 
were reviewed (Heart Screen II, Del Mar Avionics, Ir- 
vine, California, or Oxford Medilog 4000, Oxford Medi- 
cal Inc., Clearwater, Florida) without respect to diagno- 
sis or treatment. Inclusion required the presence of single 
VPCs and repetitive forms for >12 of the 24 hours. The 
mean and standard deviation (SD) of single VPCs was 
207 + 170 complexes per hour and of repetitive VPCs 
was 80 + 114 complexes per hour. The correlation of 
single VPCs to repetitive VPCs was determined. A signif- 
icant correlation (p <0.05) between single and repetitive 
VPCs was observed on 19 of 25 ambulatory tapes (r = 
0.75 + 0.15). In these 19 patients, the frequency of repet- 
itive VPCs was indexed to the frequency of single VPCs 
with the ratio: In (repetitive VPCs + 1)/In (single VPCs 





a 


+ 1). This repetitive form index was less variable (de- 
fined as SD/mean) at 0.62 + 0.31 than the frequency of 
single VPCs (0.76 + 0.42) or repetitive VPCs (1.75 + 
0.92). No patient had the total “spontaneous” disap- 
pearance of repetitive VPCs for 2 consecutive hours from 
8 A.M. to 4 P.M. ; but, despite high-grade ectopy during 
the daytime hours, repetitive forms often disappeared 
for several hours at night. Therefore, VPCs were studied 
from 8 AM. to 4 P.M. to minimize the effects of sponta- 
neous changes, and VPC frequencies were quantitated in 
2-hour time blocks in order to “average out” zeros. 

Next, the ambulatory recordings of 10 control pa- 
tients were prospectively reviewed to establish the stabil- 
ity of the repetitive form index. Each patient had isch- 
emic cardiac disease, and the occurrence of both single 
and repetitive VPCs for 12 of 24 hours (baseline rate 
331 + 200 single VPCs/hour and 90 + 86 repetitive 
VPCs/hour, respectively). No patient had active isch- 
emia or heart failure at the time of the recording. The 
repetitive form index was computed for four 2-hour 
blocks, beginning at 8 A.M. The mean baseline repetitive 
form index for the group averaged 0.73 + 0.19, and 
showed remarkable stability (Figure 1). By comparing 
the repetitive form index of each 2-hour block to the 
preceding 2-hour block in each of the 10 patients, a 
spontaneous decrease (12 + 13%) in the repetitive form 
index was noted in 12 of 30 comparisons, whereas a 
spontaneous increase (28 + 67%) in the repetitive form 
index was noted in 18 of 30 comparisons. These figures 
suggest that a decrease in the repetitive form index of 
37% (mean decrease — 1.96 SD) or an increase of 162% 
(mean increase + 1.96 SD) would be significant. 

To test the validity of the repetitive form index in an 
acute drug testing model, 19 patients with documented 
single and repetitive VPCs received procainamide (939 + 
111 mg), infused, intravenously, at a rate of 25 mg/min. 
Hourly, single and repetitive VPC frequencies were ana- 
lyzed from full disclosure monitoring 2 hours before and 
6 hours after the drug infusion period. For the group, the 
repetitive form index was significantly reduced in the 
first 2 hours after the infusion (0.18 + 0.26), compared 
with the 2-hour pretreatment repetitive form index (0.59 
+ 0.18; p <0.001). In the overall patient group, a con- 
ventional 270% reduction in single VPCs had a predic- 
tive accuracy of 74%, for a =90% reduction in repetitive 
VPCs, whereas a 237% reduction in the repetitive form 
index had an 89% predictive accuracy, for a 290% 
reduction in repetitive VPCs. The percent change in the 
repetitive form index paralleled the percent change in 
repetitive VPCs (r = 0.88, p <0.01) much more closely 
than the percent change in single VPCs (r = 0.40, p 
>0.05). A positive response (defined as a reduction in 
the repetitive form index by 237%) was noted in 14 
patients (Figure 1). This positive response was associ- 
ated with a 98 + 5% reduction in repetitive VPCs but 
with only a 68 + 37% reduction in single VPCs. 

Although current studies emphasize mortality, sus- 
tained ventricular tachycardia and, to a lesser extent, 
nonsustained ventricular tachycardia as appropriate end 
points for therapy, most studies, by tradition and necessi- 
ty, frequently focus on the antiarrhythmic effects of 
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drugs on simple and intermediate forms of manifest ven- 
tricular arrhythmias. The repetitive form index was con- 
ceptualized to bypass the limitations of quantitative VPC 
suppression, and to test its validity as a more stable anti- 
arrhythmic parameter. The repetitive form index was 
shown to respond to drug intervention in a manner consis- 
tent with known antiarrhythmic drug effects. Based on 
these data, the repetitive form index provides a mathe- 
matic construct that has the advantages of: (1) stability, 
(2) ease of calculation, (3) the potential for automation, 
(4) close correlation with repetitive form suppression, and 
(5) the weighting of repetitive events according to the 
number of VPCs in the run. The repetitive form index 
takes into account the easier suppression of repetitive 
than single VPCs,’* and emphasizes residual repetitive 
forms, even when there is high-grade suppression of sin- 
gle forms. It therefore (1) identifies patients with signifi- 
cant residual repetitive forms after treatment; (2) may 
serve as a guide away from drug toxicity, because quanti- 
tative single VPC suppression, which requires higher 
drug concentrations for suppression, is not the primary 
goal of therapy; and (3) may avoid the exclusion of poten- 
tially useful drugs that affect repetitive forms significant- 
ly while having a less consistent suppressant effect on 
single forms. 
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FIGURE 1. Percent reduction in the repetitive form index 
(RFI) calculated as In (repetitive premature com- 
plexes + 1)/in (single ventricular premature complexes + 1) is 
plotted (mean + standard error) for 10 control patients and 14 





Compared 
reduction (*p <0.001) of the re- 
petitive form index at 0 to 2 and at 2 to 4 hours after drug in- 
fusion. 
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The major limitation of the repetitive form index at 
this point is the lack of validation against end points such 
as sustained ventricular tachycardia or mortality. None- 
theless, when the goal is suppression of VPCs, either 
within the context of antiarrhythmic drug development 
or Clinical therapies, an approach that emphasizes repeti- 
tive forms and that deemphasizes single VPCs, such as 
the repetitive form index, offers a rational approach to the 
problem. 
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Accuracy of Cross-Sectional Echocardiography in Diagnosis of 


Aortopulmonary Window 


Seshadri Balaji, MB, BS, MRCP, Michael Burch, MB, MRCP, and lan D. Sullivan, BMSc, MB, ChB, FRACP 


he first echocardiographic descriptions of the aorto- 

pulmonary window (APW) were case reports.! 
These observations were extended by Smallhorn et al, 
who described appearances of an isolated APW in 4 
infants and compared these with appearances in 14 pa- 
tients with a common arterial trunk and in 6 with a single 
pulmonary artery originating at the ascending aorta. In 
these reports,'~* diagnosis was also established by inva- 
sive investigation and did not include any patient who had 
APW with associated cardiac abnormalities. The publi- 
cation of case reports as late as 1988 suggests that the 
echocardiographic diagnosis of even an isolated APW is 
not always straightforward,* perhaps because the lesion 
may be confused with other structural abnormalities.° 
There have been no reports of the accuracy of cross- 
sectional echocardiography for the prospective diagnosis 
of APW. We reviewed our experience since the cases 
previously described’ to determine the implications for 
clinical practice. 

Review of clinical, echocardiographic, catheteriza- 
tion, surgical and autopsy records between January 1982 
and June 1990 revealed 15 patients with APW. Age at 
presentation ranged from 1 day to 2 years (median 3 
months), but all except 1 patient were aged <7 months 
and 6 were neonates. All echocardiographic studies had 
been performed or reviewed by a physician experienced 
in this technique. The patients were divided into 2 groups 
according to whether the APW was an isolated lesion (7 
patients) or associated with other congenital heart de- 
fects (8 patients). The presenting symptom was cyanosis 
in I patient and cardiac failure or failure to thrive, or 
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both, in the others. During the same period, 3,911 opera- 
tions for congenital heart defects and 23,803 echocardio- 
graphic studies were performed. Also, 50 children with a 
common arterial trunk and 11 with a single pulmonary 
artery originating at the ascending aorta were seen. 

Seven patients had an isolated APW. One patient was 
diagnosed at the referring hospital by cardiac cathe- 
terization, with echocardiographic confirmation after 
transfer. Five had the correct diagnosis established by 
the first echocardiographic examination. The remaining 
patient had cri du chat syndrome and was referred on the 
first day of life with cyanosis and hypercarbia “to ex- 
clude congenital heart disease.” Persistent pulmonary 
hypertension of the newborn was diagnosed. The echo- 
cardiogram was thought to show a structurally normal 
heart. This patient was next referred at age 5 months 
because of poor feeding and failure to thrive. The APW 
was identified on the echocardiogram on this occasion. 
Nonblinded review of the original study revealed that the 
lesion had been imaged but overlooked. 

Of the 8 patients with associated cardiac anomalies, 
the APW was diagnosed on the first echocardiographic 
examination in only 3, 2 of whom had tetralogy of Fallot 
(J with right aortic arch) and the third had interruption 
of the aortic arch distal to the left carotid artery. In 2 
patients, the APW was diagnosed on the second echocar- 
diogram. One had an inadequate initial study because of 
restlessness. Subsequent echocardiography, performed 
with the infant sedated, revealed the APW in addition 
to a right aortic arch. Isolated coarctation of the aorta 
was initially diagnosed in a neonate with heart failure 
who then underwent repair of that lesion. Postopera- 
tive progress was Slow despite easily palpable femoral 
pulses. The echocardiogram was repeated while the pa- 
tient was receiving full ventilatory support and the APW 
was diagnosed. In 3 patients, the APW was first diag- 





FIGURE 1. Left, subcostal paracoronal scan through the level of the proximal great arteries showing the aortopulmonary win- 
dow (arrow). Right, scan plane just posterior to that in the /eft panel in the same patient, showing the right pulmonary artery (r) 
originating from the pulmonary trunk (PT). Ao = aorta; L = left; LV = left ventricle; RA = right atrium; S = superior. 


nosed at cardiac catheterization. All had ventricular sep- 
tal defects, with additional aortic valve stenosis in 1. 
Nonblinded review of the initial echocardiograms dem- 
onstrated the APW, which had been overlooked in each 
case. There was no false positive diagnosis of APW. 





FIGURE 2. Parasternal short-axis scan cephalad to the aortic 
valve showing the aortopulmonary window with superimposed 
Doppler color-flow map revealing laminar flow (coded red 
flowing toward the transducer) from the aorta (Ao) to the pul- 
monary trunk (PT) in systole, together with “normal” forward 
flow in the pulmonary trunk (coded blue, flowing away from 
the transducer). | = left pulmonary artery; other abbreviations 
as in Figure 1. 
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Subcostal paracoronal scanning planes through the 
pulmonary trunk were the views that most reliably al- 
lowed recognition of the echo-free communication with 
the adjacent ascending aorta (Figure 1, left panel). Sep- 
arate identification of the right pulmonary artery as it 
passed posterior to the ascending aorta was obtained by 
tilting the scanning plane slightly posterior to this plane 


FIGURE 3. Subcostal paracoronal scan through the level of 
the proximal great arteries showing an aortopulmonary win- 
dow (straight arrow) associated with tetralogy of Fallot. Note 
the narrow right ventricular outflow tract (curved arrow) and 
the large ascending aorta (compare Figure 1, left panel). RV = 
right ventricle; other abbreviations as in Figure 1. 
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FIGURE 4. Comparable appearances in an infant with the right pulmonary artery originating from the aorta (Ao) as an isolated 
abnormality. Left, subcostal paracoronal plane; middle, parasternal short-axis plane; right, suprasternal view in the long axis of 
the ascending aorta. See text for discussion. raa = right atrial appendage. Other abbreviations as in Figures 1 and 3. 
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(Figure 1, right panel). The APW could be confirmed 
from a parasternal short-axis plane cephalad to the aor- 
tic valve (Figure 2). 

Surgery was not performed in 2 patients. In view of 
the poor overall prognosis, the child with cri du chat 
syndrome was not treated surgically, and died at the age 
of 6 months. One other infant with an undiagnosed dys- 
morphic syndrome and multiple extracardiac abnormal- 
ities died at 15 days without surgery. Surgical repair was 
performed in the remaining 13 patients. Two infants died 
at surgery, at ages 6 weeks and 2 days, respectively. Both 
were moribund when first seen. The correct diagnosis 
was established by echocardiography at presentation in 
both, obviating the need for cardiac catheterization. One 
of these had an isolated APW, whereas the other also 
had interruption of the aortic arch. There have been no 
late deaths among the 11 survivors of surgical repair 
during follow-up of 1 month to 7 years (median 3.5 
years) since operation. 

APW is a rare lesion, occurring in about 0.2% of 
patients with congenital heart defects,° and was present 
in only 15 of 3,911 patients (0.4%) undergoing surgery 
for congenital heart defects in our unit during the course 
of this study. The ability to diagnose an isolated APW by 
cross-sectional echocardiography has been recognized for 
several years,'~> but the accuracy of the technique for 
diagnosis, whether it exists as an isolated abnormality or 
is associated with other congenital heart defects, is un- 
known.* There were no patients with APW in a prospec- 
tive study of the accuracy of echocardiography in the 
diagnosis of congenital heart disease in 126 infants and 
children.’ 

Our data indicate that cross-sectional echocardiogra- 
phy is reliable for the detection of isolated APW. Our 
inability to make the diagnosis reliably from the initial 
echocardiogram when there were major associated con- 
genital heart defects was disappointing. Retrospective re- 
view demonstrated the APW in 5 of 6 patients in whom it 
had been “missed” in the initial echocardiographic re- 
port. In the remaining patient, the initial study was tech- 
nically inadequate, and diagnostic images were obtained 
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when the study was repeated with the infant sedated. This 
suggests that the lesion was not diagnosed because the 
operator did not think of the possibility of the presence of 
the lesion rather than because of inability to obtain ade- 
quate images. 

Importantly, as the lesion is often described as an 
abnormality that occurs in isolation,'~* 8 of our 15 pa- 
tients with APW had associated congenital heart defects. 
However, a similar incidence and spectrum of associated 
abnormalities have been documented in a pathology se- 
ries. The inclusion in this series of 2 infants with tetral- 
ogy of Fallot (Figure 3) and the previous description of 3 
other patients with APW, pulmonary atresia and ventric- 
ular septal defect,’ indicates that the recognition of a 
“normal right ventricular outflow tract and pulmonary 
valve” ? is not a criterion for diagnosis. 

Suprasternal long-axis cuts of the aorta were advocat- 
ed to demonstrate the communication between the as- 
cending aorta and the pulmonary trunk in patients with 
APW. However, no patients with the isolated abnormal- 
ity of the right pulmonary artery arising from the ascend- 
ing aorta were included in that report,’ and we believe 
that the previously described subcostal and parasternal 
cuts (Figures 1 and 2) are more reliable in the differentia- 
tion of an APW from that lesion (Figure 4).° Visualiza- 
tion of the aortopulmonary septum in 22 planes and the 
presence of a “T” artifact at the margins of an APW 
should eliminate the difficulty of echo “dropout” in the 
region of crossover of the ascending aorta and pulmonary 
trunk. The origins of the coronary arteries should also be 
identified.’ Doppler color-flow mapping was helpful in 
confirming the diagnosis in the 2 patients seen since this 
technique became available (Figure 2) when used in a 
manner similar to that reported in a previous case report.* 
This technique may facilitate a more reliable echocardio- 
graphic diagnosis of APW in the future. Conventional 
pulsed- and continuous-wave Doppler at the site of the 
APW may not be helpful, because the communication is 
large and nonrestrictive. However, retrograde diastolic 
flow in the aortic arch, or forward diastolic flow in the 
pulmonary trunk distal to the window, may be useful 
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ancillary evidence of left-to-right shunting in diastole via 
the APW. 

Our experience indicates that APW can and should be 
diagnosed by cross-sectional echocardiography. How- 
ever, accurate diagnosis requires exclusion of this lesion 
in any patient with a ventricular septal defect or an ab- 
normality of the aortic arch. 
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Frequency of Occurrence of Residual Ductal Flow After Surgical 


Ligation by Color-Flow Mapping 


Keld E. Sørensen, MD, Bent Ø. Kristensen, MD, DMSc, and Ole K. Hansen, MD 


hereas closure of patent ductus arteriosus (PDA) 

with large left-to-right shunts may be required for 
symptomatic relief, the reason for recommending closure 
of small ducts is to prevent infectious arteritis, otherwise 
reported with an incidence of 0.45% per year.' Ductal 
division usually offers complete closure, whereas ligation 
has been reported to be associated with recurrences, ei- 
ther due to recanalization or to incomplete closure.*~® 
The true incidence of residual ductal shunting after PDA 
ligation has not been clearly defined, because follow-up 
generally has been based on auscultatory findings that 
have proved unreliable in identifying residual ductal 
shunting.’ Because incomplete PDA ligation may neces- 
sitate reoperation or life-long infection prophylaxis, it is 
important to identify patients with small residual ductal 
flow. Color-flow mapping is a very sensitive method for 
the identification of PDA flow.’-? Consequently, color 
Doppler studies were performed in 31 patients who had 
undergone surgical PDA ligation to evaluate the inci- 
dence of residual ductal flow. 

Thirty-one consecutive patients undergoing PDA li- 
gation from January 1, 1987, to December 31, 1989, were 
examined. The median age at surgery was 14 months 
(range 5 weeks to 27 years). All except 1 patient were 
<14 years of age. The time from surgery to follow-up 
ranged from 1 to 13 months (median 4). PDA was an 
isolated finding in 17 patients, whereas 14 had associ- 
ated cardiac lesions: ventricular septal defect (n = 4), 
atrial septal defect (n = 2), atrioventricular septal defect 
(n = 2), atrial and ventricular septal defects (n = 1), 
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aortic coarctation (n = 3), mitral prolapse (n = 1) and 
pulmonary stenosis (n = 1). Nine patients were referred 
to surgery after cardiac catheterization, and 22 were 
referred after only echocardiography. 

Isolated PDA ligations were performed through a 
left lateral thoracotomy (n = 28) or a sternotomy (n= 3) 
if PDA ligation was part of a total correction. All PDAs 
were intraoperatively judged appropriate for duct liga- 
tion. In 24 patients ligation was performed with silk 
ligatures, whereas a Hemoclip® was used in 7 patients. 
The ductal thrill disappeared completely in all patients. 

Echocardiographic examinations were performed 
with a Toshiba SSH-160 or SSH-65A. Standard projec- 
tions were used to search for any residual ductal flow. 
Guided by the color-flow map, spectral velocity tracings 
of the PDA flows were obtained with pulsed and continu- 
ous-wave Doppler. Great care was taken to confirm PDA 
flow and to eliminate other sources of disturbed flows in 
the pulmonary trunk. 

No clinical evidence (i.e., continuous murmur) of re- 
sidual PDA flow was identified in any of the patients. 
However, in 7 of 31 patients, color-flow mapping re- 
vealed typical ductal flow into the main pulmonary ar- 
tery. Pulsed and continuous-wave Doppler corroborated 
the color-flow finding in all cases. Maximal flow veloci- 
ty exceeded 3.5 m/s in all but 1 patient, whereas low 
velocities (<2.0 m/s) only were found in 1. Based on 
echocardiographic flow volumetry, residual Qp:Qs was 
<1.3 in all cases. In no subject was there evidence of 
other cardiac lesions that might mimic residual PDA 
flow, nor was there any brief transient retrograde flow at 
the inferior aspect of the main pulmonary artery, which 
may be a normal finding.’ No association between age at 
surgery, surgical technique, follow-up interval, ductal 
size or additional cardiac lesions, and residual shunting 
could be identified. 
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The true incidence of residual shunting after PDA 
ligation is not known. Although several early studies re- 
ported data on the recurrence rate, the methods used to 
detect residual shunting and to discriminate between “‘in- 
complete closure and recanalization” were not clearly 
defined. However, clinical findings (persistent murmur) 
probably were of major importance. Bickford? reported 
failure of complete PDA ligation in 4% (5 in 120 cases), 
but pointed out that ligation was incorrectly performed in 
medium-sized ducts. Trusler? found that 1% of ligated 
ducts “recanalized.” Panagopoulos et al* reported recan- 
alization or incomplete closure in 4 of 963 PDA ligations 
(0.4%), whereas Jones° noted recanalization or incom- 
plete closure in 12 of 61 patients (20%). In patients >50 
years of age undergoing PDA ligation, Ng et alô had 2 
clinical recurrences in 7 ligations, including 1 calcified 
duct. 

Despite the use of standard surgical procedures and 
complete disappearance of the ductal thrill after ligation, 
7 of the 31 patients (23%) in our study had color Doppler 
echocardiographic evidence of residual ductal flow not 
evident clinically. Because of the low sensitivity of physi- 
cal findings in identifying trivial residual PDA shunts, the 
surgical success rate previously reported may well have 
been overestimated. 

In the only previous study on the use of color-flow 
mapping to identify residual PDA flow, Musewe et al’ 
found 2 of 30 children (6%) to have residual ductal shunt- 
ing after duct ligation. The cause for the difference in the 
incidence of residual PDA flow between that study and 
our patients is unknown. In our study, shunting was not 
confined to patients studied in the first postoperative 
months. However, the median time from duct ligation to 
Doppler assessment in our patients was 4 months, where- 
as in the study of Musewes et al the mean interval be- 
tween surgery and restudy was much longer (44 + 58 
months). Consequently, late spontaneous closure of resid- 
ual ductal patency, as has been observed after transcath- 
eter duct occlusion, cannot be excluded and may contrib- 
ute to the difference in incidence of residual flow seen. 

No obvious trend for incomplete occlusion occurred in 
the patients with large-sized PDAs. After dissection of 
the PDA, the surgeon in each case made his decision 
whether to ligate or divide the PDA. In all subjects, 
ligation was considered appropriate. The surgical proce- 
dure was performed in accordance with basic principles 
and the complete disappearance of the PDA thrill sug- 
gested ligation to be a satisfactory procedure. 

During the echocardiographic examination, care was 
taken to eliminate other reasons for flow changes in the 
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main pulmonary artery as well as in adjacent structures, 
such as the left coronary artery. Bearing these possibili- 
ties in mind, recently published studies appear to confirm 
the accuracy of Doppler color-flow imaging for identify- 
ing ductal patency.’ ° 

The clinical relevance of residual ductal flow detected 
by color Doppler examination (which is clinically silent) 
is unknown. Color Doppler interrogation will detect re- 
gurgitation of most tricuspid, pulmonary and mitral 
valves in normal adults. Antibiotic prophylaxis against 
infective endocarditis, at times of potential bacteremia, 
would not normally be recommended for such patients. 
Moreover, the risk of endarteritis in patients with hemo- 
dynamically insignificant PDAs is probably much less 
than the risk of 0.45% per year reported for all ducts! 
from an era of early antibiotic availability and poor den- 
tal hygiene. 

Nevertheless, if our data are confirmed in larger se- 
ries, changing the operative procedure toward duct divi- 
sion may be advisable, unless future catheter techniques 
change the treatment strategy. The recently published 
data on this technique have so far been promising’)!!! 
and the closure rate reported higher than the one ob- 
tained by ligation in our series. If residual shunting is 
caused by incomplete ligation, an alternative approach 
would be to perform intraoperative color-flow mapping, 
with the option of either placing another ligature or divid- 
ing the PDA should residual ductal flow be identified. 
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Electrocardiographic, Enzymatic and Echocardiographic Evidence of 
Myocardial Damage After Tityus Serrulatus Scorpion Poisoning 


Carlos Faria Santos Amaral, MD, José Agostinho Lopes, MD, Renato Almeida Magalhães, MD, 


and Nilton Alves de Rezende, MD 


he cardiovascular manifestations after a Tityus ser- 

rulatus scorpion sting consist of arterial hypertension 
or hypotension, heart failure, pulmonary edema, shock 
and electrocardiographic changes.'! Pulmonary edema 
evoked by scorpion toxin has been attributed to left ven- 
tricular failure induced by the venom or to increased 
pulmonary vascular permeability produced by vasoactive 
substances that might be released by the venom.” The 
demonstration of myocardial damage and depressed left 
ventricular systolic function in patients with pulmonary 
edema following scorpion sting could support the hypoth- 
esis that this severe complication is cardiogenic in origin. 
This report describes results of electrocardiographic, en- 
zymatic and echocardiographic studies in 5 patients with 
severe envenomation after a Tityus serrulatus scorpion 
sting. 

Five children, aged 3 to 9 years, with severe enven- 
omation after scorpion sting were admitted to the inten- 
sive care unit of Hospital das Clinicas, Federal Univer- 
sity of Minas Gerais, from August to December 1989. 
The scorpions were examined and identified as Tityus 
serrulatus. On admission, chest x-ray and electrocardio- 
grams were recorded and repeated whenever necessary. 
Blood samples were drawn for biochemical and hemato- 
logic testing. M-mode, 2-dimensional and color Doppler 
echocardiographic examinations (Siemens Sonoline CF) 
were performed during the patients’ stay in the intensive 
care unit and repeated after discharge from the hospital 
when they returned for follow-up. 


From the Intensive Care Unit and Echocardiography Service, Centro 
de Tratamento Intensivo, Hospital das Clinicas da UFMG, Avenida 
Professor Alfredo Balena, 110 CEP 30130, Belo Horizonte, Federal 
University of Minas Gerais, Minas Gerais, Brazil. Manuscript received 
September 6, 1990; revised manuscript received and accepted Novem- 
ber 15, 1990. 





Treatment consisted of intravenous administration 
of scorpion antivenom in amounts sufficient to neutralize 
12 mg of venom (scorpion antivenom, FUNED, Minas 
Gerais, Brazil), and continuous evaluation and electro- 
cardiographic monitoring. Pain at site of the sting and 
vomiting were treated with intravenous administration 
of dipirone (40 to 80 mg/kg/day) and metoclopramide 
(0.5 to 1.0 mg/kg/day), respectively. Pulmonary edema 
was treated with oxygen, diuretics and digitalis. 

The clinical data of the patients on admission to the 
intensive care unit are listed in Table I. Electrocardio- 
graphic changes are listed in Table II. All children had 
sinus tachycardia. Patients 3, 4 and 5 had an acute 
myocardial infarction-like pattern lasting 24 hours in 


TABLE I Clinical Data in Five Patients Stung by Tityus 
Serrulatus 


Patient Number 


Clinical Data 


Age (year) & sex 9/M 9/M 4/F 3/M 3/F 


Time between sting and 5 13 QS <] 2 
antivenom administration (h) 

Time between sting and 
admission to ICU (hours) 


WwW 
N 
— 
p 
MN 
BS 
ite) 
Nh 


Pain at site of sting 
Vomiting 
Hyperthermia 
Restlessness 
Prostration 
Diaphoresis 
Tachypnea 
Tachycardia 
Arterial hypertension 
Pulmonary edema 
Outcome 


+O+4+0+4++4+04 4+ 
+O4+4+04+4+4+4++4+ 
+O++4+++04+ + 
oO+4++4+0004+ + 
eoO++4++04+4+ 4+ 


Alive Alive Alive Alive Alive 


ICU = intensive care unit; + = present; O = absent. 


TABLE Il Laboratory Data in Five Patients Stung by Tityus Serrulatus 


CK CK-MB 
(10-80 (10 
U /liter) U /liter) 


Sinus tachycardia 
Sinus tachycardia 
VPC 


Sinus tachycardia 
Miike pattern 
Sinus tachycardia 
Mi-—like pattern 
Sinus tachycardia 
Mi—like pattern 


Leukocytes 
(5,000— 
(10,000 mm3) 


Blood Glucose 
(70-110 mg/dl) 


Serum Amylase 
(60-160 U/dl) 


CK = creatine kinase enzyme; CK-MB = creatine kinase isoenzyme MB; ECG = electrocardiogram; MI = myocardial infarction; PE = pulmonary edema; VPC = ventricular 


premature complex; 0 = absent; + = present; — = not measured. 
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TABLE Ill Echocardiographic Data in Five Patients Stung by 
Tityus Serrulatus 


Time Between 
Sting and HR 
Echo Examination (beats/min) 


LVDd LVDs FS(%) 
(mm) (mm) (29-45%) MR 


3 Days 
20 Days 
21 Hours 
13 Days 

2 Days 
19 Hours 

8 Days 

9 Hours 
10 Days 


Echo = echocardiographic; FS = left ventricular fractional shortening; HR = heart 
rate; LVDd = left ventricular internal dimension at end-diastole; LVDs = left ventricu- 
lar internal dimension at end-systole; MR = mitral regurgitation; O = absent; + = 
present. 


patient 3 and 2 days in patients 4 and 5. Patient 2 had 
frequent ventricular premature beats with periods of bi- 
geminy. These changes lasted 48 hours. 

Laboratory data are listed in Table II. A mild in- 
crease in creatine kinase enzyme activity was detected in 
patients 1 and 5, the latter having an electrocardiogram 
resembling an acute myocardial infarction-like pattern. 
The other 2 patients with this electrocardiographic 
change had normal creatine kinase activity, determined 
48 hours after the sting in patients 3 and 9, and 30 hours 
after the sting in patient 4. Creatine kinase isoenzyme 
MB was measured 24 hours after the sting in patients 3 
and 5 and both showed mildly increased activity. In 
addition to hypoxemia, patients 1, 2 and 3 had radio- 
logic evidence of pulmonary edema. None of them need- 
ed mechanical ventilation. All patients had leukocytosis; 
hyperglycemia was detected in all patients except in pa- 
tient 3. Increased serum amylase activity was present in 
patients 3, 4 and 5. 

Echocardiographic changes are listed in Table III. 
Examinations performed in all patients from 9 hours to 
3 days after the scorpion sting showed depressed left 





FIGURE 2. M-mode and 2-dimensional (parasternal short-axis) 





echocardiograms recorded in patient 1. A, echocardiogram re- 





FIGURE 1. Two-dimensional (parasternal long-axis), pulsed 
Doppler and color-flow mapping examination performed in pa- 
tient 4 nineteen hours after scorpion sting showing mitral re- 
gurgitation. Ao = aorta; LA = left atrium; LV = left ventricle; 
MR = mitral regurgitation. 


ventricular systolic function characterized by poor mo- 
tion of the interventricular septum or decreased motion 
of the left ventricular posterior wall and decreased left 
ventricular fractional shortening, or a combination of 
these. Color-flow Doppler mapping studies showed mi- 
tral regurgitation in patients 2, 4 and 5 (Figure 1). Fol- 
low-up was not possible in patient 3. Examinations per- 
formed at times ranging from 8 to 20 days after the sting 
showed improvement of left ventricular systolic func- 
tion in all patients (Figure 2) and disappearance of mi- 
tral regurgitation. 

This study shows that reversible depressed left ven- 
tricular systolic function and mitral regurgitation as- 
sessed by means of echocardiography can occur in pa- 
tients with systemic manifestations after Tityus serru- 
latus scorpion sting. The pathogenesis of depressed left 
ventricular systolic function is not yet known. It could 
result from acute arterial hypertension’ or from myocar- 
dial damage due to an effect of massive catecholamine 





corded 3 days after scorpion sting showing hypokinesia of interventricular septum and left ventricular posterior wall. B, echo- 
cardiogram recorded 20 days after sting showing improvement of interventricular septum and left ventricular posterior wall mo- 
tility. IVS = interventricular septum; LV = left ventricle; LVPW = left ventricular posterior wall. 
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release as in pheochromocytoma, or due to a direct effect 
of the venom.?4 Histologic studies performed in fatal 
cases of scorpionism have shown degenerative changes, 
focal necrosis, interstitial edema and hypercellularity 
mainly involving the papillary muscles and the subendo- 
cardium.>*° Increased creatine kinase enzyme activity has 
been observed in patients with severe scorpionism who 
have electrocardiographic changes resembling an acute 
myocardial infarction-like pattern.’ These electrocardio- 
graphic changes or increased creatine kinase enzyme ac- 
tivity, or both, were also detected in our patients and are 
evidence of myocardial damage. However, our data do 
not permit a conclusion as to whether the myocardial 
damage was caused directly by the venom or by an effect 
of massive catecholamine release. 

Transient acute mitral regurgitation was observed in 3 
patients. It may have resulted from impaired contraction 
of papillary muscles or from alteration of geometry and 
functional integrity of the mitral valve apparatus secon- 
dary to left ventricular dysfunction, or both. 

The echocardiographic findings support the hypothe- 
sis that acute left ventricular failure is one of the patho- 
genic mechanisms of pulmonary edema after scorpion 
envenomation. Previous experimental and clinical studies 
provide evidence of left ventricular dysfunction associ- 
ated with pulmonary edema evoked by scorpion venom. 
Hemodynamic measurements in dogs have shown de- 
creased compliance with impairment of left ventricular 
filling and emptying, and elevated systemic and pulmo- 
nary pressures. Pulmonary hypertension and increased 
pulmonary capillary wedge pressure were also observed 
in 2 patients with pulmonary edema after a scorpion 
sting.’ A reversible pattern of dilated cardiomyopathy 
was also detected by means of echocardiography in a 7- 
year-old girl with pulmonary edema after a scorpion 
sting.? However, pulmonary edema could also result from 





isolated or associated increased pulmonary vascular per- 
meability produced by vasoactive substances that might 
be released by the venom.” 

In our series, echocardiography was more sensitive 
than electrocardiography or creatine kinase enzyme as- 
says in assessing myocardial compromise after a scorpion 
sting. Echocardiographic examinations should be per- 
formed in patients with severe scorpionism, because de- 
tection of depressed left ventricular systolic function 
could result in improved management and further reduc- 
tion in mortality. 
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CASE REPORTS 


Creation of Pseudo Narrowing During 


Coronary Angioplasty 


Alan N. Tenaglia, MD, James E. Tcheng, MD, Harry R. Phillips, Ill, MD, 


and Richard S. Stack, MD 


ge the initial description of 
percutaneous transluminal coro- 
nary angioplasty (PTCA) by Gru- 
entzig et al,! the application of 
PTCA has expanded dramatically, 
exceeding 300,000 cases annually. 
Along with this growth, patients with 
increasingly complex coronary arte- 
rial anatomy and lesions are being 
treated. Technologic advances, cou- 
pled with operator experience, have 
reduced acute procedural risk to an 
acceptable, although not negligible, 
level.? During the performance of 
PTCA, the interventional cardiolo- 
gist must quickly recognize and ap- 
propriately manage any complica- 
tion that arises. In addition, the oper- 
ator must be able to differentiate true 
complications from pseudocomplica- 
tions; that is, the operator must rec- 
ognize the artifactual nature of an 
apparent complication that is not 
necessarily what it appears to be. For 
instance, Espluges et al? reported 
the appearance of persistent staining 
by contrast material of the arterial 
wall, suggesting significant dissec- 
tion during PTCA while using a new 
monorail balloon catheter. The arti- 
fact disappeared with balloon defla- 
tion.? We report a patient in whom 
straightening of a tortuous coronary 
artery by a PTCA guidewire created 
the false impression of 2 new narrow- 
ings during PTCA. 

A 65-year-old man, who had had 
an acute myocardial infarction 6 
days earlier, had an uncomplicated 
course and did not receive thrombo- 
lytic therapy. Cardiac catheteriza- 
tion revealed 95% narrowing in di- 
ameter of a single coronary vessel 
in a tortuous proximal right coro- 
ry artery (Figure 1). PTCA was 
performed by standard technique 
through the right femoral artery 
with an 8Fr Judkins right coronary 
guide catheter (Baxter Healthcare, 


From the Duke University Medical Center, 
Box 3275, Durham, North Carolina 27710. 
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manuscript received and accepted November 
21, 1990. 


Santa Anna, California), an 0.018’ - 
guidewire (Hi Torque Floppy™, Ad- 
vanced Cardiovascular Systems, 
Santa Clara, California), and a 2.5- 
mm PTCA balloon catheter (Skinny 
.018™, SciMed, Maple Grove, Min- 
nesota). The narrowing was crossed 
without difficulty and dilated to 10 
atm for 3 minutes and to 11 atm for 
2 minutes. Intracoronary nitroglyc- 
erin was given (200 ug) and (with the 
guidewire still across the lesion) ar- 
teriography repeated. In addition to 
a residual 50% stenosis at the initial 
narrowing, 2 new narrowings proxi- 
mal to the target stenosis were now 
angiographically revealed (Figure 








gh 


FIGURE 1. Angiogram before angio- 
plasty revealing lesion (arrow) in tortu- 
ous right coronary artery. 





FIGURE 2. Interim angiogram after di- 
lation of the right coronary artery ste- 
nosis with a 2.5-mm balloon angio- 
plasty catheter, with the guidewire 
across the lesion, demonstrating a re- 
sidual 50% stenosis at the site of the 
initial dilation (large arrow) and the 
angiographic appearance of 2 new ste- 
noses proximal to the target lesion 
(small arrows). 
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2). The Skinny .018™ PTCA cathe- 
ter was removed and exchanged for 
a 3.0-mm Pinkerton™ (Advanced 
Cardiovascular Systems) PTCA 
catheter, and the original lesion di- 
lated once again. Administration of 
additional intracoronary nitroglyc- 
erin failed to relieve the new prox- 
imal narrowings. A decision was 
made not to treat the new narrowings 
with angioplasty but to remove the 
balloon and guidewire systems in- 
stead and assess the results. Arteri- 
ography, immediately repeated after 
removal of the PTCA systems, dem- 
onstrated a residual 25% diameter 
narrowing at the original PTCA site, 


ae 


FIGURE 3. Final angiogram after angi- 
oplasty demonstrating a 25% residual 
stenosis at the original angioplasty site 
(arrow) and a normal vessel proximal- 
ly. The initial target lesion was redila- 
ted with a 3.0-mm balloon angioplasty 
catheter, and the balloon catheter and 
guidewire removed before this cine se- 
quence. 





FIGURE 4. Proposed mechanism for 
creation of pseudo narrowings by 
straightening of the coronary artery by 
a coronary guidewire. Because the 
overall length of the vessel wall must 
be maintained as the segment is 
straightened, the wall invaginates at 2 
locations to accommodate the extra 
wall length. See text for details. 


with complete resolution of the 
proximal “narrowings” (Figure 3). 

Figure 4 illustrates the proposed 
mechanism by which pseudo narrow- 
ings can be created by the straighten- 
ing of a coronary artery segment with 
an angioplasty guidewire. The top 
portion of Figure 4 shows the tor- 
tuous vessel segment before guide- 
wire placement. Numbered lines 
mark equidistant points along the ar- 
tery wall. The lower portion of Fig- 
ure 4 illustrates the effects of vessel 
straightening. While the ends of the 
segment of the artery are maintained 
in a static position, the straightening 
of the segment by the guidewire 
Causes invagination of the central 
portion of the vessel at 2 points to 
accommodate the excess in vessel 
wall length. The numbered lines in 
this portion of Figure 4 demonstrate 
that the overall length of the vessel 
wall is maintained by the folding of 
the wall into the 2 invaginations. Re- 
moval of the guidewire then allows 


the vessel to return to its normal tor- 
tuous configuration, relaxing the ar- 
terial wall, and culminating in resolu- 
tion of the pseudo narrowings. 

A more common cause of new 
narrowing during PTCA is vaso- 
spasm secondary to the endothelial 
trauma that occurs during manipu- 
lation of angioplasty devices. This 
phenomenon is best managed with 
intracoronary nitroglycerin, sublin- 
gual nitroglycerin, or sublingual ni- 
fedipine, or a combination of these, 
along with removal of the irritant 
stimulus. In our case, persistence of 
the new narrowings despite repeated 
doses of intracoronary nitroglycerin 
and the temporal relation of PTCA 
system removal to their disappear- 
ance supports arterial wall invagina- 
tion as the mechanism of narrowing. 
Review of the 2,150 PTCA proce- 
dures performed at our institution 
over the past 2 years suggests an inci- 
dence of pseudo narrowing as fre- 
quent as 1 in 250 procedures involv- 


Myocardial Ischemia-Induced Transient 
Anterior Conduction Delay 


Constantine A. Hassapoyannes, MD, and William P. Nelson, MD 


Ithough a trifascicular structure 
has been proposed for the left 
bundle branch, conduction delay in a 
third fascicle is rarely recognized. !-? 
This may be due to a lack of specif- 
ic features for diagnosis of anterior 
conduction delay,’ because identical 
patterns can be obtained with right 
ventricular hypertrophy or posterior 
myocardial infarction.* We present 
the stress test of a patient with criti- 
cal coronary artery disease that ex- 
hibited ischemia and transient, com- 
plex conduction delay, manifested 
as prominent anterior forces fol- 
lowed by right bundle branch block 
(RBBB), with evolution of antero- 
septal infarction. 
An active 72-year-old hyperten- 
sive man was referred for treadmill 
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testing. Cardiac examination was 
unremarkable (blood pressure 140/ 
70 mm Hg, heart rate 70 beats/min). 
The electrocardiogram was normal. 
By the end of stage I (Bruce proto- 
col), the ORS widened to 105 ms, 
from 95 at baseline, with R-wave 
notching inferolaterally. At 4 min- 
utes and 30 seconds, the patient be- 
came mildly dyspneic, the PR inter- 
val widened from 160 to 190 ms and 
the ORS to 120 ms, with concomi- 
tant ST elevation in V; and depres- 
sion inferolaterally (Figure 1). By 
the end of stage II (6 minutes), the 
QRS morphology changed, with the 
80-ms axis manifesting marked an- 
terior displacement in the horizontal 
but no change in the frontal plane. In 
addition, the small Q waves initially 
present in leads II and Vs disap- 
peared. Blood pressure decreased to 
88/68 mm Hg, pulse rate increased 
to 130 beats/min, the patient devel- 
oped angina, and the test was discon- 
tinued. Four seconds into recovery, 
the ORS duration increased to 160 
ms, with widening and rightward- 
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ing the right coronary artery, with 
variable compromise of anterograde 
coronary flow. Unusual iatrogenic 
pseudocomplications such as those il- 
lustrated by this case must be distin- 
guished and managed appropriately. 
Knowledge of this pseudocomplica- 
tion will help avoid inappropriate 
treatment, including unnecessary 
PTCA that could potentially expose 
the patient to additional risk. 


1. Gruentzig AR, Senning A, Siegenthaler WE. 
Nonoperative dilatation of coronary artery stenosis: 
percutaneous transluminal coronary angioplasty. N 
Engl J Med 1979;301:61-68. 

2. Detre K, Holubkov R, Kelsey S, Cowley M, Kent 
K, Williams D, Myler R, Faxon D, Holmes D Jr, 
Bourassa M, Block P, Gosselin A, Bentivoglio L, 
Leatherman L, Dorros G, King S III, Galichia J, Al- 
Bassam M, Leon M, Robertson T, Passamani E, and 
the Co-Investigators of the National Heart, Lung, 
and Blood Institute’s Percutaneous Transluminal 
Coronary Angioplasty Registry. Percutaneous trans- 
luminal coronary angioplasty in 1985-1986 and 
1977-1981. N Engl J Med 1988;310;:265-270. 

3. Espluges E, Cequier AR, Sabate X, Jara F. False 
coronary dissection with the new Monorail angio- 
plasty balloon catheter. Cathet Cardiovasc Diagn 
1990;19:30-33. 


anterior direction of the terminal 
ORS forces consistent with superim- 
posed RBBB. At 4 minutes, the ORS 
duration narrowed to 120 ms with 
rsR’s’ morphology in V, and evi- 
dence of transmural injury current 
in Vi, V and V3. At 6 minutes and 
3 seconds, the ORS duration short- 
ened to 105 ms and the prominent 
anterior forces abated in V|; the an- 
terior injury current resolved, but 
ST depression persisted inferolater- 
ally. At 15 minutes, the electrocar- 
diogram manifested hyperacute an- 
teroseptal infarction. Despite throm- 
bolysis, creatine phosphokinase 
MB-subunit increased to 54 [U/liter. 
Angiography, 3 days later, revealed 
anterior wall hypokinesia, and ostial 
occlusion of the right coronary ar- 
tery, which was receiving extensive 
collateral flow from a proximally 
and subtotally occluded left anterior 
descending artery. After revascular- 
ization, the patient is in excellent 
condition. 

Exercise-induced ST elevation, in 
the absence of a myocardial scar, 
suggests critical coronary artery dis- 
ease or spasm. Furthermore, tran- 
sient, ischemia-induced RBBB dur- 
ing stress testing has been observed 
with, but is not limited to, high-grade 
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FIGURE 1. Lead segments from a 12-lead electrocardiogram at rest, during stress 


and recovery. 


proximal left anterior descending ar- 
tery lesions. This report graphical- 
ly illustrates the masking effect of 
RBBB, even on severe injury current. 

We also noted the development 
and resolution of a complex conduc- 
tion delay. After an initial QRS pro- 
longation, prominent anterior forces 
were manifested and preceded the 
superimposition of complete RBBB. 
One plausible explanation for this 
finding is that anterior conduction 
delay developed independent of, and 
simultaneous with, a right conduc- 
tion delay, which eventually led to 
complete RBBB. Given the R peak 
time <50 ms and the absence of r’ or 
R’ in V, or V>, the QRS morphology 
in V; at 6 minutes does not meet the 
criteria for diagnosis of incomplete or 
complete RBBB.? Furthermore, the 
disappearance of the small Q waves, 
initially present in leads II and Vg, is 
not seen with RBBB.’ Finally, al- 


though the concurrent PR prolonga- 
tion may have resulted from conduc- 
tion disturbance in either the atrio- 
ventricular node, the bundle of His 
or the left bundle branch, it cer- 
tainly cannot be explained by con- 
duction abnormality in the right bun- 
dle branch alone. Thus, the promi- 
nent anterior forces observed at 6 
minutes may have resulted from an- 
terior conduction delay,':? and the si- 
multaneous QRS widening, which 
cannot be explained by anterior con- 
duction delay, may be a reflection of 
evolving right conduction delay. Al- 
ternatively, this QRS widening may 
have arisen from conduction being 
globally slower, at this point in time, 
in the left than in the right bundle, 
with additional delay in the anterior 
fibers. Kulbertus et al! and Reiffel 
and Bigger? attributed intermittent 
anterior QRS axis shift occurring 
with atrial premature beats to anteri- 
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or conduction delay. This defect, de- 
fined as anterior QRS axis shift with- 
out a change in the frontal plane or 
significant QRS widening, and with- 
out rSr’ in V, may result from delay 
in the fibers to the anterior septum 
and not necessarily a specific fasci- 
cle.” Hoffman et al* proposed that 
such delay could also arise from dis- 
proportion in the length of several 
fascicular divisions, with the “anteri- 
or” fascicle being the longest. Anoth- 
er, speculative explanation is that 
these prominent anterior forces were 
merely the first effect of evolving 
RBBB.° However, the severity of the 
coronary artery disease was such that 
the myocardium and conduction sys- 
tem were likely to be globally in jeop- 
ardy, thus affording diffuse and ex- 
tensive conduction abnormalities. 
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Endomyocardial Biopsy Finding in Two 
Patients with Idiopathic Dilated 
Cardiomyopathy Receiving Long-Term 
Treatment with Amiodarone 

Eloisa Arbustini, MD, Maurizia Grasso, PhD, Jorge A. Salerno, MD, 


Antonello Gavazzi, MD, Angela Pucci, MD, Manuela Bramerio, MD, 
Alberto Calligaro, MD, and Victor J. Ferrans, MD, PhD 


miodarone, a highly effective 

antiarrhythmic agent, accumu- 
lates in different tissues, causing a 
variety of adverse effects.'-> Long- 
term amiodarone treatment may 
cause diffuse interstitial pulmonary 
fibrosis and inflammation, with ac- 
cumulation of cytoplasmic bodies 
containing electron-dense lamellas in 
pneumyocytes and alveolar macro- 
phages.' Similar bodies have been 
described in liver, lymph nodes, blood 
leukocytes, cornea, endothelial cells 
of skin, colonic mucosa,’ and 
Schwann cells. Such bodies also have 
been found in cardiac myocytes of 
experimental animals treated with 
multiple doses of this drug*>; how- 
ever, to our knowledge, they have not 
been reported in the myocardium of 
patients treated with amiodarone. 
This report describes ultrastructural 
changes in the myocardium of 2 pa- 
tients with idiopathic dilated cardio- 
myopathy who had received long- 
term amiodarone treatment. 

Patient 1, a 50-year-old man, 
was referred for cardiac transplan- 
tation. He had been treated chroni- 
cally with inotropic agents, diuretics 
and antiarrhythmic agents, for re- 
current ventricular arrhythmias, and 
had received amiodarone for the last 
4 years. 

Patient 2, a 53-year-old woman, 
was referred with a history of life- 
threatening, recurrent ventricular 
arrhythmias, for which she had been 
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treated with amiodarone for the past 
2 years. 

Right ventricular endomyocar- 
dial biopsies were obtained from 
each patient for histologic (hema- 
toxylin, eosin and Masson trichrome 
methods) and electron microscopic 
(Karnowsky fixation, osmium te- 
troxide postfixation and Epon- 
Araldite embedding) studies. 

Light microscopic examination 
of the 2 specimens revealed similar 
changes: myocyte hypertrophy, fo- 
cal myofibrillar lysis, interstitial fi- 
brosis, few and scattered lymphocyt- 
ic infiltrates, and endocardial fi- 
brous thickening. These features 
were considered consistent with the 
diagnosis of idiopathic dilated car- 
diomyopathy. In addition, foci of fi- 
brosis and adipose tissue intermixed 
with hypertrophic myocytes were ob- 
served in patient 1. No cytoplasmic 





inclusions were recognized in myo- 
cytes or in other cells by light micro- 
scopic examination. 

Numerous heterogeneous elec- 
tron-dense bodies (Figure 1) were 
observed in most cardiac myocytes 
obtained from both patients. They 
ranged in size from 0.2 to 2.5 um. 
Most were round or oval in shape but 
some had irregular outlines. Many 
morphologic patterns were observed, 
including bodies with a clear core 
surrounded by dense haloes, and 
bodies with lamellas surrounding 
an electron-dense central core. They 
were located as free-standing enti- 
ties in the sarcoplasm, among myo- 
fibrils, within mitochondria, and 
sometimes were superimposed on 
lipid droplets. Similar inclusions 
were observed in the lysosomes of 
endothelial cells and blood granulo- 
cytes. A lipid nature to these bodies 
was suggested by their osmiophilia. 
No metallic compounds were detect- 
ed on energy-dispersive x-ray micro- 
analysis, performed with a Phil- 
ips electron microscope 400T in- 
strument. 

The inclusions found in the pres- 
ent study are morphologically similar 
to those reported previously in other 
tissues of patients and experimental 
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FIGURE 1. Electron micrograph of myocyte from patient 2 showing numerous elec- 
tron-dense, free-standing bodies with lamellar structures in the sarcoplasm (uranyl 
acetate and lead citrate stain, X 23,000, reduced by 42%), 


THE AMERICAN JOURNAL OF CARDIOLOGY MARCH 15, 1991 


661 





ry arpa ss ke -LA 
y 





animals given amiodarone.!-5 The 
currently accepted concept of the 
pathogenesis of these inclusions is 
that they are lysosome-derived struc- 
tures? and that the lamellas represent 
phospholipid materials. Amiodarone 
forms drug-lipid complexes that in- 
hibit the intralysosomal degrada- 
tion of phospholipids by phospho- 
lipases.*> Therefore, these lamellas 
are regarded as a manifestation of 
a systemic, drug-induced, lysosomal 
storage disorder, best classified as 
a drug-induced dysphospholipidosis. 
These disorders can be induced by a 
wide variety of drugs,’ including 
chloroquine, which shares with ami- 
odarone the ability to affect cardiac 
myocytes; however, in addition to la- 
mellas, chloroquine also induces the 
formation of curvilinear bodies in 
cardiac myocytes. These bodies are 
not induced by amiodarene. 


Of our >300 consecutive patients 
with idiopathic dilated cardiomyop- 
athy who underwent cardiac biop- 
sy, >40% had received amiodarone 
treatment; among 247 biopsy speci- 
mens examined thus far by electron 
microscopy, only the 2 patients de- 
scribed herein had findings consis- 
tent with amiodarone-induced inclu- 
sions in cardiac myocytes. 

Experiments in dogs show that 
such inclusions can be induced after 
only 1 week of therapy.* We suspect 
that the presence of lamellar deposits 
are not a simple function of the 
amount of amiodarone received by 
our 2 patients and that other, still 
undetermined factors may modulate 
the expression of this cellular abnor- 
mality, thus accounting for its infre- 
quency among our patient popula- 
tion and for the lack of previous re- 
ports of these lamellas in patients 


Intravascular Ultrasound for Diagnosis of 


Aortic Dissection 


Abhay Pande, MD, Bernhard Meier, MD, Martin Fleisch, MD, Raoul 
Kammerlander, MD, Francois Simonet, MD, and René Lerch, MD 


uring the past 2 decades, advanc- 
es have been made in the diagno- 
sis of aortic dissections through com- 
puterized tomography, magnetic res- 
onance imaging, 2-dimensional echo- 
cardiography, transesophageal 
echocardiography and fiberoptic an- 
gioscopy. Recently, intravascular ul- 
trasound imaging has been added to 
the diagnostic armamentarium. This 
technique provides information on 
arterial wall characteristics, luminal 
diameter, intimal flaps, and dissec- 
tions in vitro and in animal studies in 
vivo. It increases the sensitivity and 
specificity for the diagnosis and im- 
proves the delineation of the extent of 
aortic dissection, facilitating prompt 
surgical repair.'-> We report a case 
of acute aortic dissection that was di- 
agnosed with the help of intravascu- 
lar ultrasound imaging. 
A 52-year-old man with long- 
standing systemic hypertension pre- 
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sented with excruciating epigastric 
pain and perspiration. Clinical ex- 
amination revealed a heart rate of 
106 beats/min with collapsing, bi- 
laterally symmetrical pulse and no 
radiofemoral delay. Both carotid 
arteries were equally well felt. Blood 
pressure in the right upper arm in 
the supine position was 170/40 mm 
Hg. There were no marfanoid fea- 
tures. Cardiac auscultation revealed 
normal heart sounds, a prominent S3 
gallop, a 3/6 systolic ejection mur- 
mur and a 3/6 long diastolic mur- 
mur. The respiratory system exami- 
nation was normal. 

The electrocardiogram revealed 
sinus rhythm with ventricular pre- 
mature beats, and signs of severe left 
ventricular hypertrophy. A chest x- 
ray showed mediastinal widening. 
Two-dimensional echocardiography 
with Doppler revealed prolapse of 
part of the right coronary cusp of the 
aortic valve into the left ventricle 
during diastole and moderate to se- 
vere aortic regurgitation. The left 
ventricle exhibited concentric hyper- 
trophy and mild dilatation of the 
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receiving amiodarone. It is unclear 
whether these deposits are indicative 
of clinically significant myocardial 
toxicity of amiodarone. 
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cavity. There was mild mitral regur- 
gitation with slight left atrial en- 
largement. The ascending aorta was 
severely dilated with an intimal flap 
visible in the proximal part. 

The patient was subjected to an 
intravascular ultrasound examina- 
tion in conjunction with aortic angi- 
ography. The imaging system con- 
sisted of a single rotating 20-MHz 
ultrasound crystal mounted on the 
tip of a 6Fr catheter and connected 
to an imaging console displaying 2- 
dimensional images at a frame rate 
of 12/min (Diasonics). The catheter 
was introduced in a Monorail fash- 
ion, with only the distal part track- 
ing over a 0.020-inch backup guide- 
wire (Schneider) through an 8Fr ar- 
terial sheath with sidearm (USCI). 
The aortic dissection was found to 
originate immediately supravalvu- 
lar in the ascending aorta (Figure 
1A) and extend into the iliac arteries 
(Figure 1B). The ultrasound imag- 
ing required about 15 minutes. Aor- 
tography confirmed these findings 
(Figure 2). Several atherosclerotic 
plaques were identified in the as- 
cending aorta by ultrasound only. 

The patient underwent emergen- 
cy surgical correction, consisting of 
transsection of the ascending aorta 
and replacement of the aortic valve 
and the ascending aorta with a valve 








~ 


FIGURE 1. Intravascular ultrasound images of the ascending aorta (panel A) and 
the distal descending aorta immediately proximal to the bifurcation (panel B). At 
both the levels, intimal flap (arrows) can be clearly identified. 


conduit tube graft by the technique 
described by Bentall and DeBono.° 

The usefulness of intravascular 
ultrasound for the demonstration of 
aortic dissection has been previously 
documented in an experimental ani- 
mal study.! This case, to our knowl- 
edge, represents the first report in 
which this technique was used for the 
diagnosis of acute aortic dissection in 
humans. With use of intravascular 
ultrasound, it was not only possible to 
localize the origin, but also to evalu- 
ate the extent of the dissection of the 
aorta. This was not possible with con- 
ventional echocardiography, which, 
in turn, revealed the involvement of 
the right coronary cusp. Transesoph- 


ageal echocardiography is also useful 
in the diagnosis of aortic dissection. 
However, it can examine only part of 
the thoracic aorta. The intravascular 
ultrasound is capable of providing 
cross-sectional images of the entire 
aorta. However, in this patient, intra- 
vascular ultrasound provided no ad- 
ditional information to angiography 
that would have modified treatment 
strategy. The role of the invasive ul- 
trasound approach needs to be de- 
fined. 
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Mitral Valve Origin of Pedunculated 
Rhabdomyomas Causing Subaortic Stenosis 


Ramakrishna Pillai, MD, Nabil Knarma, MD, A. Gerard Brom, MD, 


and Anton E. Becker, MD 


habdomyomas are by far the 

most common primary heart tu- 
mors in infants and children.' Usual- 
ly they are multiple and have prefer- 
ence for the interventricular septum 
and adjacent ventricular wall.? In 
symptomatic patients, approximate- 
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ly 70% have an intracavitary rhabdo- 
myoma with obstruction to blood 
flow in at least 1 cardiac chamber.!# 
Left ventricular outflow obstruction 
by rhabdomyoma as the dominant 
clinical feature is extremely rare. 
Only 3 cases have been document- 
ed.>-> The present report documents 
another case with successful surgical 
resection. 

A 23-day-old boy was referred 
for evaluation. Pregnancy and deliv- 
ery had been uneventful. A precordi- 
al murmur was heard shortly after 
birth. The baby was normally devel- 
oped. Arterial pulse was normal, 
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FIGURE 2. Iliac aortogram through the 
femoral sheath for the ultrasound cath- 
eter showing aortic dissection (arrow- 
heads). The large arrow points to the 
ultrasound catheter. 
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with normal peripheral pulsations. 
The first and second heart sounds 
were normal and a grade 2/6 ejection 
murmur was audible, maximally at 
the lower left sternal border. Elec- 
trocardiogram showed sinus rhythm 
with normal P waves and PR inter- 
vals. The ORS axis was +75° and 
the ORS complexes were normal in 
configuration. The chest x-ray 
showed a normal cardiothoracic ra- 
tio and normal lung vascular mark- 
ings. Two-dimensional echocardiog- 
raphy revealed a lobulated and 
highly mobile mass in the left ven- 
tricular outflow tract (Figure 1, 
left). The mass protruded into the 
aortic valve orifice during systole. 
Doppler studies revealed obstruction 
with a peak systolic gradient of 50 
mm Hg. Cardiac catheterization was 
not undertaken. 
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At operation the aorta was tran- 
sected at approximately 0.5 cm 
above the coronary orifices. Retract- 
ing the aortic valve cusps revealed 3 
pedunculated globoid tumors below 
the aortic cusps and attached by 
pedicles to the ventricular aspect of 
the anterior mitral leaflet. Each tu- 
mor mass was estimated to measure 
0.5 cm in diameter. The tumors were 
resected. Histologic examination 
showed clumps of myocytes sepa- 
rated from the luminal aspect by a 
thick layer of fibroelastic tissue. 
Bundles of collagen separated the 
heart muscle modules. The cells 
themselves showed an almost empty 
cytoplasm with accumulation of the 
myofilaments along the peripheral 
cell membrane and in strands that 
often connected the nucleus to the 
outer parts of the cell (Figure 2). 


FROZEN 





Stains for glycogen were positive. At 
other sites the cytoplasmic changes 
were less outspoken and, occasional- 
ly, clumps of myocytes were present 
with an almost normal appearance. 
In one area, within the fibrous tissue, 
a few calcific deposits were present. 

Diagnosis of rhabdomyoma was 
made. The patient had an uneventful 
postoperative recovery. At 1-year 
follow-up, a 2-dimensional echocar- 
diogram (Figure 1, right) revealed a 
normal left ventricular outflow tract 
with normal functioning mitral and 
aortic valves. The total follow-up at 
the present time is 3 years and the 
infant is doing well. 

The present case is of interest be- 
cause (1) multiple small pedunculat- 
ed rhabdomyomas caused subaortic 
stenosis as the dominant clinical fea- 
ture, (2) the pedicles were attached 
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FIGURE 1. Two-dimensional echocar- 
diograms showing a long-axis cross 
section of the left heart. Left, a tumor 
mass in subaortic position obstructing 
the left ventricular outflow tract. Dur- 
ing systole the mass moved into the 
aortic orifice. Right, similar view, 1 
year after operation. There are no re- 
sidual abnormalities. Ao = aorta; ivs = 
interventricular septum; LA = left atri- 
um; LV = left ventricle; RV = right 
ventricle; T = tumor. 


FIGURE 2. Microscopic section of one 
of the lesions, showing grossly swollen 
myocytes with features typical of rhab- 
domyomas (hematoxylin-eosin stain 
X350, reduced by 11%). 


to the ventricular aspect of the ante- 
rior mitral valve fibrous continuity, 
and (3) the hamartomatous nature 
of this lesion appears to be strength- 
ened by the aforementioned observa- 
tion. 
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_ Lopid® (Gemfibrozil Capsules and Tablets) 


_ Before prescribing, please see full prescribing information. 
A Brief Summary follows. 


CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 

een gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 12 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 1/2 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 





treatment group (7.5% vs 4.9% for the place- 
- bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
-of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 


| DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 


4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses tested were lower than those 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. A . 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. | 

5. Pregnancy Category B—Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blinc 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%), abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 38% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common inthe 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) wer 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patient: 

Additional adverse reactions that have been reported for gemfibrozil are listed below 
by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice, Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT (SGPT), increased alkaline phosphatase 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-ike syndrome, vasculitis, Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med 
1987:317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders ¢ 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inheritec 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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~ Low HDL with 
elevated LDL and triglycerides: 


A common denominator of many heart attack victims 


Mixed hyperlipidemias—elevated cholesterol and LOPID is indicated for reducing the risk of coronary 
triglycerides—are common among heart attack victims; heart disease in type llb patients with low HDL, in 
and nearly two thirds of people who developed addition to elevated LDL and triglycerides, and who 
myocardial infarction in the PROCAM Trial had a low have had an inadequate response to weight loss, 
(<35 mg/dL) baseline level of HDL cholesterol diet, exercise, and other pharmacologic agents 
LOPID” (gemfibrozil) is not indicated for the treatment such as bile acid sequestrants and nicotinic acid. 

of patients with low HDL cholesterol as their only 


lipid abnormality. Contraindicated in patients with hepatic or severe 


Raised low miDJE 25% renal dysfunction, including primary biliary 


; i cirrhosis, preexisting gallbladder disease, or hyper- 
—in patients whose baseline HDL was below , sensitivity to gemfibrozil. LOPID may increase 
35 mg/dL in the landmark Helsinki Heart Study (HHS). cholesterol secretion into the bile, leading to chole- 


lithiasis. Caution should be exercised when anti- 
Reduced heart attack coagulants are given in conjunction with LOPID. 
K ae 6) x 
incidence up to 62% 
* Defined as a combination of definite coronary death and/or definite 


—in these HHS patients. Incidence of serious coronary myocardial infarction. P = 013; 95% -CI 13.3-111.5, 
events was similarfor LOPID and placebo subgroups 
with baseline HDL above the median (464 mg/dL): 


A powerful case for 
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